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Abstract
Trace analysis of samples in the field, including air, headspace, and water (i.e., drinking 
and waste), as well as solid matrices and surfaces, for volatile organic compounds (VOCs) 
and semi-VOCs is a growing demand. Detection of target analytes, such as pesticides, 
polycyclic aromatic hydrocarbons (PAHs) and the natural compounds geosmin and 2-methyl 
isoborneol at ppb and ppt levels can be accomplished using simple sample preparation 
methods and gas chromatography-mass spectrometry (GC-MS). Solid phase micro extraction 
(SPME), solid phase extraction (SPE), thermal desorption, needle trap and purge-and-trap 
have become indispensable methods for field sampling when GC-MS is used for separation 
and detection. Sensitivity, selectivity, speed of analysis and simplicity of advanced in-field 
sample preparation devices have improved on-site trace analysis. Example analyses reported 
in this work involving approximately 54 VOCs were shorter than 20 min for drinking water, 
waste water and solid waste samples at the ppt to ppb concentration levels. Geosmin and 
2-methyl isoborneol were detected at less than 10 ppt in water samples within 20 min. 
Pesticides including lindan, endrin, heptachlor, heptachlor epoxide, methoxychlor, malathion, 
carbaryl, benfluralin and chlorthal dimethyl, as well as PAHs such as naphthalene, fluorene, 
phenanthrene, acenaphthalene, acenaphthylene, anthracene, pyrene and chrysene were 
sampled and detected at concentrations in the low ppb in water samples within 15-20 min. 
Other organo-chlorine and organo-phosphorus pesticides in fresh tea-like leaves were also 
detected at ppb levels. VOCs can be detected at low ppb concentrations using a needle trap, 
and even lower with a higher flow thermal desorption tube. Dimethyl sulfide in water was 
determined at low ppb concentration. These analytical methods are generally applicable to 
other target analytes in environmental samples.

Keywords: Field detection; Trace analysis; Sample preparation; GC-MS; SPME; SPE; 
Needle trap; Purge-and-trap; Thermal desorption
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1. Introduction
Development of field-portable gas chromatog-

raphy-mass spectrometry (GC-MS) instrumentation 
requires simple, robust hardware and complementary 
methods for sample preparation and introduction[1,2]. Of-
ten, analysts in the field do not have in-depth training in 
pre-chromatographic chemical sample preparation such 
as extraction, clean up, concentration and derivatization. 
Furthermore, they may be required to wear protective 
equipment that limits dexterity and control over fine 
objects. To complicate matters, the deployed sampling 
device(s) must accommodate gas, liquid or solid sam-
ples. Obviously, several simple sampling devices for 
GC-MS analysis in the field are preferable to multiple, 
complex sampling devices. In-field analyses that can 
provide testing results within minutes or even seconds 
have always been in demand in analytical chemistry. 
This is especially the case for powerful techniques such 
as GC, GC-MS, Fourier transform infrared (FTIR) spec-
troscopy and Raman spectroscopy. It is easy to recognize 
the importance of rapid detection of chemical warfare 
agents[3] deliberately released by terrorists, or chemical 
contamination of food and/or water in manufacturing, 
storage or distribution facilities.

Sample preparation methods for field analysis 
must be simple and straightforward due to limited 
availability of analytical tools, chemicals and well-
controlled laboratory conditions. In addition, sample 
treatment times should be as short as possible, and 
the amounts of chemicals, especially those that are 
hazardous, sensitive or toxic, should be minimized. 
Among such sample preparation methods is solid 
phase micro-extraction (SPME), which is considered 
by many analysts to be the simplest sampling tool for 
a wide variety of samples; SPME has been used in both 
static or dynamic sampling modes for gas, liquid and 
solid samples. For the latter, the solid sample must be 
dissolved or suspended in a liquid, or its headspace must 
be sampled. SPME is based on partitioning of analytes 
between the sample matrix and a sorbent phase, which 
is typically a coating on a fused silica or flexible metal 

(i.e., nitinol) fiber. After sampling, the SPME fiber is 
retracted inside a needle for sample introduction into the 
GC-MS, and then re-extended inside the heated injection 
port for desorption. Using SPME, additional sample 
preparation steps and extraction solvents are avoided[4-6], 
thus simplifying sample preparation and minimizing 
sample handling. Different fiber coatings are designed to 
provide selectivity and concentration of target analytes. 

Headspace SPME has been widely used for VOC 
sampling from aqueous and solid matrices[7-10], mainly 
because (a) the headspace medium (i.e., air or inert gas) is 
compatible with GC-MS, (b) headspace SPME is easy to 
perform in field operations[11] and (c) the GC-MS system 
is protected against contamination from dirty matrices 
and subsequent extensive cleanup[12]. Headspace SPME 
is generally performed in the static or equilibrium mode. 
The disadvantage of equilibrium sampling is the inherent 
limitation in sample size and, hence, detection limits.

Solid phase extraction (SPE) tubes containing 
a variety of sorbents have typically been used for the 
analysis of water samples. Such traps have typical 
dimensions of 6 cm x 4.6 mm i.d., and are packed with 
from 0.3-1.2 g of sorbent that allow the analysis of 
approximately 1 L volumes of water with a flow rate from 
20-30 mL/min. Tubes containing poly(dimethylsiloxane) 
(PDMS) particles are simple to fabricate and use for 
detecting semi-volatile compounds such as pesticides, 
polycyclic aromatic hydrocarbons (PAHs), geosmin, 
etc., in water samples. 

SPE, when used for air sampling, is generally 
referred to as thermal desorption, and materials such 
as Tenax TA, various Carboxens and/or Carbopacks 
and activated charcoal are used as sorbents. Elevated 
temperatures are used to desorb analytes from the sorbent 
into the injection port of the GC-MS system. Thermal 
desorption tubes are used in numerous air monitoring 
applications in a wide variety of industries including 
industrial hygiene, environmental air monitoring, odor 
profiling in the food and flavor industry, defense and 
forensic applications, and material emissions testing. 
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They can also be used in the analysis of a variety of 

matrices other than air, for example, the headspace 

above solids (powders, fibers, films and granules), 

resins, pastes, liquids and emulsions. Sampling of VOCs 

using thermal desorption tubes can be achieved using 

either active (pumped) or passive (diffusive) conditions. 

The selectivity is dependent on the choice of sorbent 

material, the sampler design and the operating conditions 

for the specific analytical task[13].

The needle trap is a recent development that has 

advantages adopted from both thermal desorption tubes 

and SPME, in that a needle, which is small enough to 

be directly inserted into the injection port of a GC-MS 

system for desorption is packed with a sorbent material. 

The design of the needle trap provides higher sample 

capacity than SPME and the sorbent material is better 

protected from damage since it remains inside the needle. 

The small needle trap also helps to minimize GC injector 

contamination. A typical example of a needle trap is an 

8.89 cm long 22-guage stainless steel needle packed with 

divinylbenzene (DVB) particles. A small hole drilled in 

the side of the needle approximately 30 mm from the 

needle end (i.e., side-hole needle trap) allows carrier gas 

to pass through the needle and into the injector during 

the desorption step[13]. If there is no side hole in the 

needle, the purge gas for desorption must be introduced 

directly into the needle through a fitting or valve to carry 

the analytes out of the needle and into the injection port.

Different types of packing materials have been 

used in needle traps, including quartz wool for sampling 

particulate matter and aerosol; single layers of Tenax TA, 

Carboxen, PDMS and DVB; or combined layers of these 

sorbents. Tenax TA and various Carboxens are typically 

used for sampling VOCs[14]. Needle traps can also be used in 

combination with higher capacity thermal desorption traps 

for semi-volatile analyte analysis. The sampling volume 

and flow rate are important parameters to consider for 

improving overall sampling efficiency and reproducibility 

of needle traps[14-16].

Purge-and-trap systems are the most frequently 

used preconcentration devices for analysis of VOCs in 

water samples[18-20]. They are typically used as automated 

headspace thermal desorption systems. Purge-and-trap 

systems provide advantages of high sensitivity, precision 

and automation; their main disadvantage is complexity 

compared to most other techniques mentioned above. 

However, purge-and-trap combined with thermal 

desorption can be simplified for use in the field.

In this paper, we describe the development of 

equipment and methods to facilitate use of the various 

sampling techniques described above in solving 

challenging field applications of interest. With proper 

implementation, these techniques can be effectively used 

in the field to determine trace levels of volatile and semi-

volatile target analytes in complex matrices. 

2. Experimental

2.1. Chemicals

Standard reference compounds used in this 

study, including pesticides, PAHs, VOCs, dimethyl 

sulfide and geosmin were obtained from Sigma-Aldrich 

(St. Louis, MO, USA). The sorbent materials, Tenax 

TA and Carboxen were obtained from Sigma Aldrich. 

The PDMS elastomer and its associated curing agent 

were from Dow Corning (Midland, MI, USA). PDMS 

particles were prepared by curing, heating, grinding and 

sieving as described previously[21].

2.2. Equipment
DVB/PDMS SPME fibers from Supelco 

(Bellefonte, PA, USA) were used in a CUSTODION 
SPME fiber holder (Torion Technologies, American 
Fork, UT, USA). Two types of needle traps, with and 
without side hole, were packed with different sorbent 
materials, including Tenax TA, different types of 
Carboxen, and PDMS, depending on the specific 
target analytes and sample matrices. The needle traps 
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were fabricated and packed at Torion. Figure 1 shows 
diagrams of both needle trap types. Sampling using the 
needle trap was performed by flowing an air or vapor 
sample through the sorbent bed at ambient or other 
specified temperature at a suitable flow rate, which 

was controlled using a simple, adjustable vacuum or 
pressure source. After sampling, target analytes were 
introduced directly into the GC-MS by inserting the 
needle trap into the injection port in the same manner as 
inserting a syringe needle.

Figure 2. Diagram (not to scale) of a stainless steel SPE/thermal desorption sampling tube.

Figure 1. Diagrams of needle traps (A) without and (B) with side hole. Needle o.d. = 1.07 mm, needle i.d. = 0.85 mm, total needle length = 82 mm, 
rounded needle opening = 0.15 mm, retaining angled rod o.d. = 0.72 mm.
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Sample transfer to the needle trap occurred by thermal 
desorption using a portable desorber unit (FUZION, 
Torion Technologies).

SPE tubes for sampling water were packed 
with cross-linked PDMS particles. Using this packing 
material, solvents used for washing and eluting analytes 
were typically methanol or mixtures of methanol 
and water, or acetone and water. PDMS particles 
were prepared in the size range from 125-180 µm for 
extracting pesticides, PAHs and geosmin in water. The 
sampling and eluting flow rates were controlled using a 
commercial SPE syringe and adapter for 1, 3 and 6 mL 
SPE tubes, (Supelco) or a small diaphragm vacuum 
pump (PU 1781, KNF Neuberger, Trenton, NJ, USA) 

Four simple purge-and-trap systems were 
designed for use in the field using either SPE/thermal 
desorption tubes or needle traps. Figure 4 shows 
schematic drawings of the purge-and-trap systems, which 
were used with a gas supply (Figure 4A), vacuum pump 
(Figure 4B) and gas-tight syringe (Figures 4C and 4D). 
The sampling flow rate and volume are controlled 
by the operator. The system can be easily constructed 
using standard laboratory parts; significantly different 
volumes can be sampled simply by changing the size of 
the sample/purge vessel. 

GC-MS analyses in this study were conducted 
using the TRIDION-9 (Torion) which contains a low 
thermal mass, resistively-heated GC column and a 
toroidal ion trap mass spectrometer that covers a mass 
range from 43 to 500 Daltons. All samples were injected 
using either an SPME fiber or a needle trap. The GC 
column was a 5 m x 0.1 mm i.d. metal column containing 
a 0.4 µm film of poly(5% phenyl methylsiloxane) 
(MTX-5, Restek, Bellefonte, PA, USA). The injector 
was maintained at either 270 oC or 290 oC, and was 
operated at constant inlet pressure using the split or 
splitless mode. The column temperature program was 
50-290 ºC at either 2 or 1 oC/s, depending on the sample. 
The transfer line to the MS was maintained at 250 oC 
for all experiments. CHROMION software (Torion) 

Figure 3. Diagram of device for connecting an SPE/thermal 
desorption tube to a needle trap for sample transfer before injection 
into the GC-MS.

Conventional SPE/thermal desorption tubes 
(8.89 cm x 0.635 cm i.d. glass or stainless steel) were 
prepared at Torion (Figure 2). In this work, the tubes were 
packed with PDMS particles; however, other sorbents 
can also be used. When the SPE/thermal desorption 
tubes were used in this study to improve the detection 
limits for trace analytes, the compounds trapped in the 
tubes had to be transferred to the needle trap in order 
to introduce them into the GC-MS system (Figure 3). 
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Figure 4. Diagrams of purge-and-trap systems used for sampling water with (A and B) gas purge and/or vacuum pump and (C and D) gas-tight syringe. 

equipped with deconvolution and quantitation features 
was used to generate calibration data, and to identify and 
quantify target analytes down to ppt levels, even in the 
presence of other compounds at higher concentrations.

3. Results and Discussion

3.1. Determination of VOCs in water using an 
external standard mixture

VOCs contribute to major environmental problems 
such as global warming, stratospheric ozone depletion, 
photochemical ozone formation and odor nuisance[22]. Trace 
VOCs in water were detected using a purge-and-trap method 
that allows for determination of multiple components 
within a single 20 min run, including sample preparation, 
analysis and reporting. For constructing calibration curves, 
a 54 component Mega Mix 502.2 (Restek) was spiked into 
500 mL of tap water at concentrations ranging from 50 ppt 
to 1.0 ppb. The purge-and-trap device shown in Figure 4D 
was used for this work. 

Figure 5 shows a total-ion-current chromatogram 
of the VOCs extracted from 500 mL of water spiked at 
200 ppt. The sample was purged through a Tenax TA/
CAR 1000 (1.5 mg/1.5 mg 60-80 mesh) needle trap 

for a total time of 6 min (8 syringe cycles) at ambient 

temperature (22 oC) and 40 mL/min using a 20 mL 

gas-tight syringe. Calibration curves of the VOCs 

showed excellent linearity (R2 ≥ 0.996 for the range 

50-1000 ppb), which indicates the stability of this purge-

and-trap approach, although there was undoubtedly 

some variation in time and volume for each cycle.

3.2. Trace detection of geosmin in water
Geosmin is a naturally occurring compound that 

is released when soil-present microbes die. Geosmin is 

a contributor to the strong scent that occurs when rain 

falls after a dry weather spell. Communities whose 

water supplies depend on surface water can periodically 

experience episodes of unpleasant tasting water when a 

sharp drop in the population of these bacteria releases 

geosmin into the water. These compounds are responsible 

for the earthy, musty odor. 

For initial examination of the feasibility of 

detection of geosmin in water, tap water spiked with 20 ppt 

geosmin was drawn through a deactivated stainless steel 

SPE tube packed with PDMS particles (125-180 µm) 

at ambient temperature and at 25-35 mL/min flow rate 
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Figure 5. Total-ion chromatogram of 54 VOCs in water (200 ppt) using purge-and-trap with a two-segment needle trap. Needle trap conditions: 
Tenax TA/CAR 1000 (1.5 mg/1.5 mg, 60-80 mesh). GC conditions: 50 °C (10 s), 2 °C/s to 270 °C, 270 °C injector, 18 psi He pressure, 10:1 split mode. 
See Table 1 for peak identifications.

using a small portable vacuum pump. The target analyte 
was then transferred into a needle trap packed with the 
same PDMS using the FUZION desorber unit (Figure 6). 
Desorption was performed at 200 oC for 10 min at 
6 mL/min He carrier gas. Sample introduction into the 
GC-MS system using the needle trap was conducted at 
270 oC for 60 s. Needle traps packed with Tenax TA/
CAR 1016/CAR 1003 (1.1/1.6/1.3 mg 60-80 mesh) or 
PDMS (2.5 mg 125-180 µm particles) were evaluated for 
comparison; however, the needle containing PDMS gave 
the best results in terms of peak intensity.

The original stock geosmin solution was diluted 
using distilled water to prepare solutions that contained 
1, 10, 20 and 70 ppt (ng/L) geosmin. These solutions 
were used to develop calibration curves. Three replicates 

at each concentration were analyzed and included in 

the calibration data. Good linearity and sensitivity were 

obtained as shown in Figure 7. After the method was 

optimized, water samples were collected from a local, 

large fresh-water lake, from a small creek that flows into 

the lake, and a larger river that also flows into the lake. 

Aliquots of each of the samples were analyzed as received. 

No geosmin was detected in the creek water or river water 

samples; however, geosmin was detected at 2.5 ppt in the 

lake water sample. This is understandable since the sample 

was collected in July when the ambient temperature was 

high. Standard addition analysis was performed for each 

sample by adding 10 ppt geosmin. Based on the calibration 

curves, the recovery at the 10 ppt level was 90% or greater.
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Table 1. Names of VOCs analyzed in Figure 5.

No. Component name No. Component name

1 1,1-Dichloroethene 29 p-Xylene

2 Methylene chloride 29 Bromoform

3 Bromochloromethane 30 Styrene

4 trans-1,2-Dichloroethene 31 o-Xylene

5 1,1-Dichloroethane 32 1,1,2,2-Tetrachloroethane

6 cis-1,2-Dichloroethane 33 1,3-Dichloropropane

7 2,2-Dichloropropane 34 1,2,3-Trichloropropane

8 Chloroform 35 Isopropylbenzene

9 1,2-Dichloroethane 36 1,2-Dibromoethane

10 1,1,1-Trichloroethane 37 Bromobenzene

11 1,1-Dichloropropene 38 2-Chlorotoluene

12 Benzene 39 N-Propylbenzene

13 Carbontetrachloride 40 4-Chlorotoluene

14 1,2-Dichloropropane 41 1,3,5-Trimethylbenzene

15 Trichloroethene 42 tert-Butylbenzene

16 Bromodichloromethane 43 1,2,4-Trimethylbenzene

17 cis-1,3-Dichloropropene 44 1,3-Dichlorobenzene

18 1,1,2-Trichloroethane 45 1,4-Dichlorobenzene

19 Dibromomethane 46 p-Isopropyltoluene

20 Toluene 47 1,2-Dichlorobenzene

21 trans-1,3-dichloropropene 48 n-Butylbenzene

22 Dibromochloromethane 49 sec-Butylbenzene

23 Tetrachloroethene 50 1,2-Dibromo-3-chloropropane

24 Chlorobenzene 51 1,2,3-Trichlorobenzene

25 1,1,1,2-Tetrachloroethane 52 1,2,4-Trichlorobenzene

26 Ethylbenzene 53 Naphthalene

27 m-Xylene 54 Hexachlorobutadiene

3.3. Screening for pesticides and PAH compounds
A mixture of pesticides (7 components) and PAHs 

(11 components) in tap water were detected at the 100 ppt 
level using a conventional SPE tube containing PDMS 
particles to isolate the analytes from a large volume 
(500 mL) at a flow rate of approximately 25 mL/min, 
similar to what was just described for geosmin detection. 
A small amount of water remaining after the sample was 
drawn through the tube was eliminated by keeping the tube 
under vacuum for 3 min. The analytes were then transferred 
to a needle trap packed with PDMS using a GC oven with 
a temperature ramp from 30 oC to 275 oC at 25 oC/min, 
although the FUZION desorber could also have been used. 

Figure 8 shows the resultant total-ion chromatogram. The 
detection limits using this method were lower than 100 ppt.

3.4. Detection of dimethyl sulfide in water
Detection limit studies were conducted for 

dimethyl sulfide in water and air using GC-MS. A tri-
bed (i.e., Tenax TA/Carboxen 1016/Carboxen 1000) 
needle trap was used to extract/trap the target analytes 
and inject them into the GC-MS system. A purge-and-
trap procedure was used for water sampling, while air 
was sampled directly using a needle trap with battery-
operated vacuum pump. A standard stock solution 
of dimethyl sulfide in methanol was prepared at 
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Figure 7. (A) Reconstructed-ion chromatogram (m/z 112) of 1 ppt geosmin (RSD ~ 10%) in 500 mL water extracted using a conventional SPE tube 
packed with PDMS and subsequently transferred to a needle trap before injection into the GC-MS system. SPE conditions: 500 mg, 125-180 µm 
PDMS particles; Needle trap conditions: 3 mg, 125-180 µm PDMS particles; GC conditions: 50 °C (10 s), 1 °C/s to 270 °C (10 s), 290 °C injector temp., 
26 psi He pressure, 20 s splitless mode. (B) Calibration curve.

Figure 6. Diagram of the set-up for SPE of geomin in drinking water. SPE conditions: 500 mL sample, 25-30 mL/min sampling flow rate at ambient 
temperature (22oC).
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Figure 8. Total-ion chromatogram of 100 ppt (each component) PAHs and pesticides in water obtained using a combination of SPE and needle trap. 
SPE conditions: 500 mg, 125-180 µm PDMS particles; Needle trap conditions: 3 mg, 125-180 µm PDMS particles; GC conditions: 50 °C (10 s), 1 °C/s 
to 290 °C (10 s), 290 °C injector temp., He pressure: 26 psi, 20 s splitless mode. Peak identifications: (1) naphthalene, (2) 2-methylnaphthalene, (3) 
biphenyl, (4) 2,3-dimethyl naphthalene, (5) 2,6-dimethyl naphthalene, (6) acenaphthalene, (7) fluorene, (8) benfluralin, (9) lindan, (10) anthracene, 
(11) phenanthrene, (12) heptachlor, (13) chlorthal dimethyl, (14) heptachlor epoxide, (15) pyrene, (16) endrin, (17) methoxychlor, (18) chrysene.

0.1128 mg/mL by spiking 3.8 µL of dimethyl sulfide into 

30 mL of methanol. Water samples were prepared by 

spiking 1 L of deionized water with varying amounts of 

the stock solution to provide concentrations of 0.5, 1.0, 

2.0, 7.0 and 12.0 ppb. A 0.1 ppb standard was prepared 

by diluting the stock solution by10:1 and injecting 10 µL 

of this standard into 1 L of water. The simple purge-and-

trap device that was used is illustrated in Figure 4B, and 

consists of a diaphragm vacuum pump, a purge vessel 

with air sparger and a needle trap. Following sample 

extraction, the needle trap was inserted into the GC-MS 

injection port where the target analytes were desorbed 

into a split-splitless injector (270 oC). After an initial 

30 s hold at 50 °C, the GC temperature was increased at 

2 oC/s to 120 oC for a total run time of 65 s.

The external standard calibration curve was linear 
with an R2 value of 0.9908. Figure 9 shows the results of 
analyses of dimethyl sulfide at 0.5 and 0.1 ppb in water. 
The practical detection limit for this method is estimated 
to be 0.15-0.20 ppb. The 0.1 ppb sample was detectable 
from the reconstructed-ion chromatogram; however, 
it could not be reliably identified using the automated 
quantitation software. It is reasonable to expect that 
lower detection limits could be achieved by further 
optimization of the method. 

To prepare an air sample (5 ppb) for analysis, a 
5 L Tedlar bag was spiked with 7.5 µL of 10:1 diluted 
dimethyl sulfide stock solution. The concentration was 
corrected for atmospheric pressure and temperature using 
US EPA method 10-2.4. Acetone partially co-elutes with 
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Figure 9. (A) Total-ion chromatogram and (B) mass spectrum of 0.5 ppb dimethyl sulfide in water; (C) extracted-ion chromatogram (m/z 62) of 
0.1 ppb of dimethyl sulfide in water. GC conditions: initial temp: 50 °C (10 s), 2° C/s to 270 °C (10 s), 270 °C injector temp., 16 psi He pressure, 
10:1 split mode.

Figure 10. Diagram of the sample preparation procedure for analyzing pesticides in tea-like leaves.
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Table 2. Retention times and characteristic m/z values used for 
GC-MS analysis of pesticides spiked on tea-like leaves.

Name RT, s Ions, m/z

Dichlorvos 134.5 109,185,79

Mocap 182.7 158,200,242,97,126,139

Disulfoton 204.1 88,274,97,60

Methyl parathion 212.8 109,125,263,79

Heptachlor 216.1 100,272,237,337

Ronnel 216.4 285,125,109,167

Malathion 219.7 173,125,93

Metolachlor (Dual) 222.7 162,238,146

Dursban 223.0 97,197,199,314

Aldrin 223.5 66,79,91,101,263,293,329,364

Parathion 223.7 291,109,97

Heptachlor epoxide 231.3 353,81,388

p,p'-DDD olefin 235.2 212,176,282,247

Butachlor 237.2 176,160,57,188,237,311

Endosulfan II 238.2 195,241,277,339

Tukuthion 240.7 113,267,309,162,155

p,p'-DDD 242.3 235,165,199,320

Dieldrin 244.5 79,263,277,345,380

Ethion 250.5 231,384,153,97

Carbofenothion 255.3 157,342,199,97

p,p'-DDT 257.8 235,165,199,318,345

Table 3. Recoveries of pesticides spiked on and extracted from tea-like leaves using SPE and thermal desorption transfer to a needle trap for GC-MS 
analysis.

Name Concentration, ppb Recovery, % Name Concentration, ppb Recovery, %

Carbophenothion 50 113 Endosulfan II 19 103

Ethion 50 123 Endosulfan sulfate 55 69

Malathion 50 68 Endrin 20 124

Parathion 50 130 Endrin aldehyde 60 102

Dichlorvos 50 47 Heptachlor 9 71

Disulfoton 50 61 Heptachlor epoxide 9 87

Dursban 50 80 p,p’ -DDD 57 85

Guthion 50 110 p,p’-DDT 18 56

Methyl parathion 50 98 p,p’ -DDE 56 65

Mocap 50 91 Alachlor 50 117

Ronnel 50 69 Atrazine 50 66

Tukothion 50 49 Bromacil 50 128

Aldrin 10 78 Butachlor and Alachlor 50 91

BHC isomer 9 65 Metolachlor 50 70

Dieldrin 18 99 Prometon 50 92

Endosulfan I 19 96 Simazine 50 82

dimethyl sulfide, and a significant acetone background 
was present in the prepared air standard. However, 
the software was still able to extract and identify the 
dimethyl sulfide peak in the presence of acetone. Two 
hundred mL of air from the Tedlar bag spiked at 5 ppb 
dimethyl sulfide was sampled using the needle trap. The 
same chromatographic method was used as for the water 
samples. A concentration of 5 ppb dimethyl sulfide in air 
could be easily detected.

3.5. Detection of pesticides in fresh tea-like leaves
PDMS particles were again used for SPE of 

pesticide residues in fresh angiosperm tree leaves. 
Methanol and water were used as solvents, and a 
vacuum pump was used for drawing the headspace 
through the SPE and thermal desorption tubes. Analytes 
were again transferred by thermal desorption into a 
needle trap for transfer to the GC-MS. For sample 
treatment (see Figure 10), 10 g of the spiked leaf sample 
were extracted with 100 mL of methanol/water (40:60) 
in 3 subsequent portions (i.e., 40, 30 and 30 mL), and 
then with 2 additional portions of water (150 mL each). 
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Filtering, salting out with sodium chloride and adjusting 

the pH were applied if necessary. SPE was carried out 

using 1 g of PDMS (125-180 µm particles) packed in 

a conventional 2 cm i.d. SPE tube. The sample was 

loaded at a flow rate of 40-60 mL/min. A washing step 

was performed with water (if salting out was applied). 

The elution step was performed with 10 mL of methanol 

(2 replicates, 5 mL each). The analytes were transferred 

to an SPE/thermal desorption tube at a flow rate of 

15-20 mL/min after adding 90 mL of water. Then, 

they were desorbed and transferred to a needle trap at 

275 oC and 6 mL/min He carrier gas for 7 min using the 

FUZION desorber unit.

Tea-like leaf samples (10 g each) were spiked 

with standards (1-10 ppm) in methanol solution to 

produce ppb concentrations. The leaves were spiked 

by applying solution droplets using a 10 µL syringe on 

both surfaces. The solvent was allowed to evaporate 

completely in air for several hours. The leaves were 

then treated following the steps shown in Figure 10. 

GC-MS analysis gave low ppb semi-quantitative results 

(Table 2), which is sufficient for fast screening of fresh 

tea leaves in the field to help control the quality of the 

leaves before harvesting. 

The recoveries of pesticides from the tea-like 

leaves were calculated based on the extracted-ion 

peak areas of the samples spiked with 32 pesticides 

at 10-60 ppb concentrations. Two standard samples 

and three leaf samples were evaluated. The average 

recoveries of the analytes are listed in Table 3, which 

varied from 64 to 128%.

3.6. Water elimination from the SPE tube 
containing PDMS particles

The presence of large amounts of water in the 
SPE sampling tube may affect the flow rate of the 
carrier gas in the thermal desorption step and, thus, the 
reproducibility of the procedure. Therefore, water must 
be eliminated before the thermal desorption step by 
applying a vacuum for approximately 3-5 min to the SPE 
tube after the sampling step is finished. A small amount 
of water present during transfer of sample to the needle 
trap did not affect the analytical results.

3.7. Protection of the hand-portable GC-MS 
system from contamination

The stability of the GC-MS system for long 
use depends on the cleanliness of the injected sample. 
Traditional liquid injection, although it is the most 
popular technique for GC analysis, is not the preferred 
choice for field GC-MS analysis because of a high 
probability of contamination from improper sample 
preparation and clean-up in the field. Alternatively, 
SPME and needle trap devices are ideal for sampling 
and concentrating target analytes from various sample 
matrices amenable to head space sampling, direct liquid 
extraction, purge-and-trap, and thermal desorption.

4. Conclusions
Trace analysis in the field using a hand-portable 

GC-MS is possible when using appropriate sampling 
and sample preparation methods. SPE, SPME, thermal 
desorption and needle trap methods have allowed the 
possibility of performing trace analysis in the field at ppb 
and ppt levels.
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