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Determination of triazines in soil by microwave-assisted extraction
followed by solid-phase microextraction and gas chromatography—
mass spectrometry
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Abstract

A method for determining triazine herbicides in soil samples that combines microwave-assisted extraction with
solid-phase microextraction is described. Water containing 1% methanol was employed as extractant. The parameters of
solid-phase microextraction and microwave-assisted extraction were investigated. In solid-phase microextraction, particular
attention was paid to the negative effect of salt on fiber stability. Our experiments showed that this effect could be effectively
reduced by simply washing the fiber with deionized water. The selected triazines could be efficiently extracted by the
aqueous extractant at 108 for 3 min, with 80% output of maximum power (1200 W). The extraction procedure provided
good precision €£7%) and recoveries (76.1-87.2%). The limits of detection were in the range.@Hd. Compared with
conventional liquid extraction, microwave-assisted extraction—solid-phase microextraction was more efficient, accurate and
faster, and used a very small amount of organic solvent (onlyp25thethanol). The extraction of aged spiked soil samples
indicated that, although the recoveries were lower than those of freshly spiked samples, they were nevertheless satisfactory
for the quantitative analysis of real-world samples.
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1. Introduction extraction (SPE), and supercritical fluid extraction
(SFE) are widely adopted [1-6]. These sample-
Triazines, important herbicides used in weed preparation procedures, however, are time-consum-
control, are ubiquitous environmental pollutants in ing, expensive, and, for LLE, require large amounts
soils and waters. Their use has caused great concern of organic solvents.
because they are mobile and soluble in water and can In recent years, microwave-assisted extraction
also be strongly sorbed onto soil. The study and (MAE) has developed into a good alternative to
survey of the widespread distribution of triazine traditional extraction methods and has become a
herbicides in the environment require the availability popular routine technique in environmental analysis,
of efficient analytical methods for monitoring both especially in organic analysis [7]. MAE was first
agricultural and non-agricultural areas. Generally, introduced by Ganzler and Salgo to isolate organic
liquid—liquid extraction (LLE) methods, solid-phase compounds from solid matrices [8]. Their work
indicated that MAE was far more efficient than
*Corresponding author. Faxt 65-6779-1691. Soxhlet extraction. Frost [9] compared MAE, SFE,
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(PLE) procedures, and concluded that the advantages
of MAE were that it was rapid and could handle
multiple samples simultaneously.

Microwave heating is very efficient and involves
two mechanisms: ionic conductance and dipolar
rotation [10]. Therefore, polar solvents can effective-
ly absorb and convert much more microwave energy.
In order to improve the solvation characteristics, a
mixture of solvents may be necessary [11,12]. For
special cases, solvents with no dielectric constant

quantitative determination of organics in the aqueous
phase, the present study combines MAE with

SPME-GC-MS to analyze triazines in soils. It

offers further evidence of the applicability of MAE—
SPME-GC-MS to the analysis of these compounds
in soils, and provides a simple procedure to maintain
the stability of the fiber. Some important extraction
parameters of SPME and MAE were investigated.

may be used. In this case, solvents or materials that2. Experimental

can absorb microwave energy and transfer the energy

to the sample should be added, such as water or2.1. Chemicals

Welfon [13,14]. Water sometimes plays an important
role in MAE, i.e. as moisture, as an extractant and in
reactions with adsorption sites in solid matrices [15—
17]. Xiong et al. [18] compared water, methanol,
acetone—hexane (1:1) and dichloromethane in the
extraction of triazines from soils, and indicated that
water was as efficient as the organic solvents. Most
important is that water is inexpensive, safe and

Methanol (HPLC grade) and acetone (pesticide
grade) were from Fisher Scientific (Fair Lawn, NJ,
USA). Atrazine (purity 98%), simazine (purity

99%), propazine (purity 98%), and prometryn

(99.5%) were purchased from Supelco (Bellefonte,
PA, USA). Stock standard solutions were prepared in
acetone with concentrations Qfigg®@l of each

environmentally friendly.
Unfortunately, after MAE, it is difficult to concen-

compound and stored in a freezer at ab@ °C.
Working solutions prepared by dilution of stock

trate the aqueous extract because of the high boiling
point of water. Additionally, MAE cannot separate
the target analytes from other extractable interfer-
ences coexisting in the sample [19]. Thus an addi-
tional separation step is required. The advent of
solid-phase microextraction (SPME) provides a solu-
tion to address the above drawbacks.

standards with acetone or water prepared by a Nano-
pure water system (Barnstead, Dubuque, IA, USA)
were used as standards for spiking the soil samples
or as solutions for the SPME optimization. These
solutions were prepared weekly and stored in the
dark &€ .4

SPME is a solvent-free analytical process de- 2.2. Preparation of soil samples

veloped by Arthur and Pawliszyn [20] that includes
simultaneous extraction and preconcentration of ana-
lytes from aqueous samples or the headspace of the
samples. It is popularly used for the analysis of
drugs, foods and environmental pollutants [21-23].
In most cases, SPME is carried out with direct
immersion in aqueous samples. The direct use of
SPME to extract an agueous suspension of soil has
also been studied [24-26]. In addition, the combina-
tion of SPME with other extraction methods to
determine the analytes in soil or other solid matrices
has been studied [27-31]. This technique provides
efficient enrichment and cleanup, and also good
selectivity and sensitivity.

Due to the ability of MAE to quantitatively extract
both polar and nonpolar organics from solid ma-
trices, and the success of SPME as a method for the

The soil samples (pH 6.5, organic matter content
4.0%, sand 72.5% and clay 18.4%) were air-dried,
pulverized and sieved to a grain size of 2 mm. After
homogenization, the soil sample was stoféll at 4
There were no detectable levels of the target analytes
in the soil before spiking.
Freshly spiked soil was prepared by adding an
appropriate volume of spiking solution to the soil
sample, then shaking carefully to homogenize it.
This spiked soil sample was allowed to stand over-
night to air-dry and was extracted directly thereafter.
For the preparation of the aged spiked sample (50

and 150g/kg), a known amount of soil was mixed
with a suitable volume of acetone, containing a

known concentration of triazines. The volume of
acetone was large enough to form a slurry. The
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slurry was stirred until most of the solvent had over the ramge 50-500 to confirm the retention
evaporated. The sample was allowed to stand over- times of the analytes studied. For the determination
night and then stored in the dark and aged for 60 of triazines, selected ion monitoring (SIM) was
days prior to extraction. performed. The triazines used and their respective
target and qualifier masses are listed in Table 1. The
2.3. SPME GC-MS interface temperature was set at 26D
Fig. 1 shows the GC-MS (SIM) chromatogram of a
SPME fiber with 65um Carbowax—divinylben- soil extract after MAE followed by SPME.

zene (CW-DVB) was employed for the triazines. A
manual SPME device was used in the present 2.5. Microwave-assisted extraction of soil sample
experiment. The fiber was conditioned before initial

application in the hot GC injector at a temperature Microwave-assisted extractions were performed on
and period suggested by the supplier. a MARS 5 (CEM, Matthews, NC, USA), 1200-W

For SPME, a 4-ml vial was filled with 3 ml of laboratory microwave accelerated reaction system
agueous sample containing 0.75 g NaCl. The vial configured with a 14-position carousel. The instru-
was then sealed with a cap and PTFE-lined silicone ment can control either pressure or temperature. In
septum. The extraction was carried out at room the present work, only temperature control was
temperature (air conditioning at 2%&) for 30 min employed. Pure water or organic solvent modified
with stirring at 1000 rpm by a magnetic stirring bar. water (25 ml) was added to the MAE extraction
The extracted triazines were desorbed for 4 min at vessel, which contained 1-10 g of spiked soil.
240 °C in the GC injector. Extraction was performed at 1G5 for 3 min at

80% power. After extraction, the vessels were cooled
2.4. GC-MS analysis to room temperature. The aqueous extract was
filtered through a Whatman No. 42 filter paper. The

Analysis of triazines was performed on a sample was further clarified by centrifugation at
Shimadzu (Tokyo, Japan) QP5000 GC—-MS system 4000 rpm for 4 min, and directly subjected to SPME
equipped with a split/splitless injector. The GC using the procedure described above. For organic
system was fitted with a DB-5 column (30x0.32 solvent extraction, 10 g of soil was extracted by
mm 1.D., 0.25pum film thickness) from J&W Sci- dichloromethane—methanol (9:1) for 20 min at
entific (Folsom, CA, USA). The following tempera- 1T&. The microwave energy output was 950 W
ture programme was employed: 9C for 4 min; [31].

25°C/min to 160°C, held for 2 min; then 2C/min
to 180°C; a further 20°C/min to 280°C, held for 2.6. Liquid extraction of soil sample
7 min. The injector temperature was 240, and all

injections were made in the splittess mode. loniza- Fifty grams of soil spiked at the.d 8@ level
tion was by electron impact (El). MS was scanned was extracted with 125 ml of acetonitrile—0.5%
Table 1
Physical properties of triazines, their target ions and relative intensities
Compound Solubility K. LogK,,, Target ions and relative intensity

in water

(mg/1)
Simazine 5.7 1.62 2.18 201 (100), 186 (66), 173 (53), 158 (29)
Atrazine 28 1.65 2.61 215 (100), 200 (192), 202 (63), 173 (65)
Propazine 8.6 1.85 2.93 229 (100), 214 (155), 187 (54), 172(128)
Prometryn 48 4.05 351 241 (100), 226 (61), 199 (30), 184 (115)

K., Octanol-water partition coefficient.
®These values are from the website of the U.S. Department of Agriculttie//wizard.arsusda.gov/rsm/textfiles/.
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Fig. 1. GC-MS chromatogram (SIM mode) of a soil sample after MAE followed by SPME. Pealsimbzine, 2=atrazine, 3=propazine,

4=prometryn.

ammonia in water (70:30, v/v) in a conical flask

[32]. The flask was stoppered and the mixture was
stirred for 30 min. After standing overnight, the

sample was stirred again for 30 min and then filtered.
The filtrate was made up to 250 ml by the addition of
the acetonitrile and ammonia mixture solution in the
above ratio. Subsequently, approximately 50 ml of
the filtrate was evaporated off and the mixture was
extracted three times with dichloromethane. The
organic extract was allowed to dry, and 2 ml of

hexane was employed to reconstitute the residue

prior to GC—MS analysis.
2.7. pH
In experiments to determine the effect of pH on

extraction, acidified or alkalized solutions were
prepared and then added to the soil. The final pH

values were obtained by measurement of the soil/

water mixture.

3. Results and discussion
3.1. Development of SPME

A commercially available SPME fiber, CW-DVB,

was employed in the present work. We paid par-
ticular attention to factors such as the extraction
time, pH, and ionic strength of the sample solution.
Although the recovery increased dramatically as the
extraction time increased, it was not feasible from a
practical point of view to use the equilibrium time,
since the extraction time was too dat) (min
[27]). Generally, nonequilibrium extraction would be
adopted only if the extraction was carefully timed in
order to improve the extraction precision. Thus,
30 min was a reasonable extraction time to set. pH,
ranging from 1.55 to 12, was investigated for its
effect on SPME. The results indicated that pH values
between 4.0 and 9.0 did not affect the adsorption of
triazines significantly. Therefore, in this study, all
solutions used were neutral for convenience.
The salting-out effect was investigated with differ-
ent NaCl concentrations, 0, 10 and 25%, and a
saturated solution. All triazines studied demonstrated
a significant increase in extraction efficiency when
the concentration of salt increased from 0 to 25%
(see Table 2). Changing the concentration from 25%
to saturation did not lead to a significant improve-
ment. Thus 25% concentration was selected. How-
ever, one problem was that, at the beginning of the
study, the lack of linearity and reproducibility was
significant. The lifetime of the fiber was only around
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Table 2 80000
Effect of salt concentration on SPME o
. ——atrazine
Compound Salt concentration (w/v) Thovezno
0 10% 25% Saturated 60000
Simazine 6592 12113 17 650 18 968
Atrazine 7662 12 590 20473 21 907 E
Propazine 8648 12 842 22 386 23125 S 40000
Prometryn 4967 7288 13924 14 536 g

®Peak counts.
20000

15 extraction cycles, similar to previous reports
[27,33]. This was possibly caused by salt deposited 0
on the fiber, which made it fragile and readily
breakable. Hernandez et al. [27] solved this problem

by decreasing the salt concentration from 30 to 10%, Fig. 2. Effect of temperature on MAE. Ten grams of soil
although this led to a lower extraction efficiency. We extracted with 25 ml of water for 10 min. Energy output: 80%.
overcame this problem by using pure water to wash

75 90 105 120 135

Temperature (°C)

the fiber after extraction and then inserting it into the constant. As shown in Fig. 2, simazine, atrazine and
GC injector for desorption. Intuitively, this can result propazine have the highest extraction efficiency at

in a loss of analytes, but our results indicated that the °M9ut that of prometryn was at 9&. A higher
procedure had no adverse effects, which can be seen temperature was not useful to increase the extractior
from the good linearity and repeatability. Using this efficiency. Thus, 205 was optimum and for
procedure, we were able to achieve 100 extraction prometryn it was generally applicable.

cycles with good precision. After optimization of all
the variables, the optimum SPME parameters were: 3.2.2. Extraction time

3 ml of aqueous sample with the addition of 25% This parameter was determined by extracting the

(w/w) salt, extracted for 30 min under magnetic analytes for 1-20 min with the other parameters kept

stirring at 1000 rpm and desorption at 230 for constant (as in the temperature optimization experi-

4 min. ments). The highest extraction was achieved at 3 min
for all analytes (Fig. 3). In the time range from 3 to

3.2. Optimization of MAE of triazines in soils 15 min, the amount of analytes extracted did not

Previous studies [17,18] showed that an aqueous
extractant was efficient in extracting triazines from

~—4&—simazine

soil samples. However, the detailed parameters, such g0 —a—awzzine

—&—propazine

as temperature, extraction time, amount of soil —s¢—prametnyn
sample, etc., were not optimized. Thus, in this study, Zseo

we paid particular attention to optimization of the

extraction parameters of MAE with water as ex-  Esoow

tractant.

Peak counts

40000

3.2.1. Temperature

Temperature is of prime importance in ensuring an 20
efficient extraction. Hence, in this work, temperature
was optimized first. Five temperatures were selected, 0
85, 95, 105, 115 and 130C, while the other
parameters, such as power (1200 W at 80% output), rig. 3. Microwave-assisted extraction time profiles. Ten grams of
time (10 min) and amount of soil (10 g), were kept soil extracted with 25 ml of water at 10€. Energy output: 80%.

0 5 10 15 20 pime (min) 25
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change significantly, especially for simazine, atrazine
and propazine. Longer extractiop-(L5 min) led to a
decrease in the extraction efficiency. This may have

been caused by degradation of the analytes under the

relatively drastic conditions.

3.2.3. pH value of water

soil was selected as the optimum amount. The reason

for this observation may be related to the bulk of the

sample. For the same amount of extraction solvent
and capacity of the extraction vessel, a smaller bulk

of solid material is more completely immersed in
liquid and extracted.

Triazines are weak bases. Thus the use of an 3.3. Modifiers in the aqueous extractant

acidic extractant should increase the extraction ef-
ficiency. According to the I, values listed in Table

1, various pH values (1.3, 7.0, 10.4 and 12.0,
calculated after addition of water to the soil) were
investigated. In theory, recovery should be highest
under acidic conditions (pH 1.3), because the tri-
azines would be in an ionic state and therefore more
soluble in water. However, we observed that re-
covery at this pH was lower than that under neutral
and basic conditions. One possible reason for this is
that triazines may hydrolyze in acidic or basic
agueous environments, but are relatively stable under
neutral conditions [34,35]. Although the hydrolysis
rate is slow [35], the drastic conditions under MAE

The effect of organic solvent modifiers on the
extraction efficiency was studied. In this study,
methanol and acetone were tested. Since it has been
reported for SPME that both the distribution of the
analytes between the fiber and liquid phase and the
long-term stability of the fiber are negatively affected
by the addition of organic solvents [36,37], only
small amounts of organic solvents were applied (1
and 5%, v/v) in the present work. As shown in Table
3, the addition of 1% methanol gave the maximum
extraction efficiency compared with pure water and
water mixed with other concentrations of modifiers.

may enhance the reaction, making the triazines 3.4. Evaluation of the method

hydrolyze rapidly within a shorter time. Extraction

with neutral water not only gives the highest ex-
traction efficiency, but also the cleanest extracts.
Thus, this was chosen as the optimum condition for
extraction.

3.2.4. Effect of amount of soil sample
The final MAE parameter optimized was the

amount of soil extracted. One, 3, 5 and 10 g soil
samples were prepared. Other conditions were op-
timum as previously determined. The results indi-
cated that the extraction efficiency decreased with an
increase in the amount of soil. One gram of soil
provided the best extraction efficiency. Thus 1 g of

Table 3

The method validation studies for spiked samples
indicated that the present method provides good
recoveries and reasonable precision for triazines in

the range 10-5Q@/kg. As can be seen from Table
4, the recoveries from the MAE—-SPME of triazines
are 76.1-87.2% with good precision<{%). The

fid/kg spiked soil sample gave relatively poorer

RSD values and lower recoveries. This may be
because this concentration is close to the detection

limit of the method. The limits of detection of the
MAE-SPME procedure calcul88d a3 were

from 2 tp.gVkg.
Additionally, conventional liquid extraction [37]

Effect of organic solvent modifiers in the aqueous extractant on the MAE-SPME procedure

Pure Methanol (%, v/v) Acetone (%, v/v)
water
1 5 1 5
Simazine 288 152 286 414 225029 222 565 173 556
Atrazine 42 446 464 388 373552 409 333 346 194
Propazine 530 213 544 898 467 860 505 226 503 300
Prometryn 507 956 561 435 519 854 532 659 523 457

®Peak counts.
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Table 4
Recoveries, precision (RSD), and limits of detection (LODs) of the microwave-assisted extraction procedure followed by SPME of spiked
soil samples
Compound Recovery, % (RSD, %) LOD?
(ng/kg)
Conventional liquid SPMEN=3)
extraction
(spiked at 15Qug/kg) 500 ng/kg 50 ng/kg 10 ng/kg
(spiked level) (spiked level) (spiked level)
Simazine 71.7 (7.89) 87.2 (2.18) 84.1 (3.90) 81.6 (4.26) 4
Atrazine 70.5 (9.23) 85.7 (2.09) 82.5 (3.23) 76.6 (4.84) 3
Propazine 67.6 (11.4) 80.7 (3.88) 83.0 (4.97) 78.3 (6.67) 2
Prometryn 60.8 (8.65) 77.8 (3.17) 78.5 (5.36) 76.1 (4.73) 2
®Calculated from a soll sample spiked at the

10 pg/kg level.

was also performed in order to evaluate the MAE—
SPME method. Compared with the present method,
liquid extraction provided both lower recoveries and

poorer precision (see Table 4). The reason for this
might be the complex and tedious extraction and
post-extraction treatment procedure. The comparison
also indicates that, under the applied MAE con-

ditions, there was no obvious degradation of the
analytes by the microwave energy. Thus it can be
concluded that the hot water produced by MAE is an
excellent and efficient extractant. Also, the MAE

extracts obtained by the aqueous extractant and
conventional liquid extraction were clear and color-

less, while the organic solvent extract exhibited a

deep yellow color. 4,

The MAE-SPME-GC-MS procedure developed
above was finally used to analyze aged (60 days)
spiked soil samples. Two concentrations, 50 and 150
ng/kg, were prepared. The results are given in Table
5. Compared with freshly spiked soil samples, the
method provided similar precision but lower re-

Table 5

coveries. In another study [37], triazines in an aged
spiked soil sample were extracted by microwave-
assisted extraction with dichloromethane—methanol
as extractant. The results indicated that the recovery
for the aged spiked sample was similar to that of a
freshly spiked sample. Thus, after comparison, the
low recovery from the aged spiked sample in the
present study may be because the analytes were
adsorbed more strongly on the soil active sites,
which affected the extraction, or the analytes had
undergone some degree of degradation during this
period.

Conclusions

Microwave-assisted extraction using 1% methanol
modified water as extractant followed by solid-phase
microextraction has been developed to extract tri-
azines from soil. The results indicate that this

extraction procedure is efficient and precise. In this

Recoveries and relative standard deviations of the MAE-SPME-GC-MS of aged (60 days) spiked soil sa&mples (

Compound MAE-SPME-GC-MS of aged

spiked soil sample

150 pg/kg 50 ng/kg

Recovery (%) RSD (%) Recovery (%) RSD (%)
Simazine 82.2 1.98 77.0 4.77
Atrazine 70.7 1.16 74.4 2.40
Propazine 71.9 3.58 70.2 4.04
Prometryn 65.2 3.26 61.7 4.24
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experiment, only small amounts of organic solvent
were used for each extraction. The employment of
SPME provided a labor- and time-saving procedure
compared with evaporation of an aqueous extract.
Finally, this combination provides excellent selec-
tivity and sensitivity for the quantitative analysis of

triazines in soil.
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