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Summary
This article describes the routine screening method for 57 odorous compounds in drinking water. It uses the versatile SPME 
ARROW extraction on a PAL RTC System to screen and quantify odorous substances in drinking water. The entire process of 
online extraction of water samples, enrichment, and injection can be automated without manual intervention. The significant 
reduction of organic solvents used improves the operator safety, making this automated method an important contribution to 
green analytical chemistry. The performance of the analyses is greatly improved after systematic parameter optimization. The 
validation shows high sensitivity, and reduced detection limits by an order of magnitude compared with conventional manual 
methods. The automated method has high accuracy, good linearity and precision with linear correlation coefficients above 
0.99 for all compounds. The precision at a spiked level of 10 ng/L is less than 10% RSD for more than 90% of the 57 tested 
compounds. The performance of this method meets the international requirements for the detection of odorous substances in 
drinking water. The developed method is used for the detection of actual water samples without matrix interference.

Keywords
Green analytical chemistry, drinking water, quality control, odorous substances, geosmin, 2-MIB, headspace extraction, SPME 
Arrow, validation, GC-MS/MS

Introduction

The eutrophication of water bodies used for drinking water supply is a serious and widespread environmental problem. Bacteria 
can generate and release off-flavor compounds. Such bad odors affect directly the quality of drinking water, and eventually 
endanger the quality of drinking water and fish, causing consumer insecurity and loss of fishery income. Therefore, the study of 
odorous substances in water has obtained increasing attention by researchers in many countries. Several odorous compounds 
in water, characterized as soil, mold, chlorine, grass, wood, marsh, aromatic, fishy, medicinal and chemical, need attention 
and routine control. Understanding the type, distribution, and concentration level of odorous substances in water is the basis 
for judging the source of odorous substances and taking targeted control measures. Therefore, it is necessary to establish an 
accurate and reliable method that can analyze multiple odorous analytes at the same time.

Due to the extremely low olfactory thresholds of many odor substances a highly sensitive detection method is required. For 
example, the olfactory thresholds of geosmin and 2-methylisoborneol (2-MIB) are only 5–10 ng/L and 1–10 ng/L in water. The 
described method uses the PAL RTC automatic sample processing platform and adopts the patented SPME Arrow technology 
to replace the formerly used fragile SPME fibers for the automated solid-phase microextraction enrichment and desorption.

SPME Arrow (Table 1 and figure 2, https://www.palsystem.com/index.php?id=822 ) is a new patented SPME technology with 
innovative improvements. The SPME rod is made of metal, is stable and has greatly enhanced mechanical properties. The front 
end uses an arrow-shaped tip making it significantly easier to enter vials and inlet septa. The longer and thicker coating increases 
the absorption capacity, which greatly improves the detection sensitivity. Combined with the PAL RTC robotic sample processing 
platform, it can realize the fully automated and unattended sample analysis. The SPME Arrow technology has the advantages 
of time and labor saving, high extraction efficiency, no solvent consumption, lower sampling volume, less interference from 
the matrix, and easy to achieve fully automatic sample preparation. Based on this technology, a highly efficient, stable, and fully 
automated SPME Arrow-GC/MS analysis with triple quadrupole mass spectrometers for a variety of odor substances in water is 
described in this paper. The outlined workflow was successfully applied to the detection of real water samples.
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surface

Sorption phase
volume

Table 1: Comparison of the SPME ARROW 1.1 mm (top) and SPME fiber device. 
Note the increased sorbent phase areas and volumes.

Figure 1: SPME ARROW devices with different diameters and different sorbent 
materials in coded colors.

Experimental Part

Reagents and samples
Target compound standards were purchased from Shanghai 
Anpu Experimental Technology Co., Ltd. sodium chloride 
premium grade was purchased from Sinopharm Chemical 
Reagent Co., Ltd., and baked at 450°C for 2 hours before use. 
Methanol was chromatographically pure and purchased from 
Merck. The experimental water used was ultra-pure water. The 
real-life sample was Beijing municipal tap water. 

Instruments and Equipment
An Agilent 7890B / 7000D Triple Quadrupole GC-MS-MS 
system with EI ion source was used. The configuration of the 
Agilent PAL RTC robotic sample preparation platform included 
Agitator, SPME Arrow conditioning module, and the Heatex 
stirrer as shown in Table 2. 

Tool Park Station Agitator
Module

Standard
Wash Station

Tray HolderHeatex Stirrer
Module

SPME Arrow
Conditioning
Module

PAL RTC 120

Figure 2: PAL RTC automatic sample preparation platform. 



4 IngeniousNews 01/2021

PAL RTC 120 System comprising of the 120 mm long PAL RTC rail, a Tool Park Station, D7/57 Liquid Syringe Tool, sample Tray Holder with racks for 
20 mL vials, and a Standard Wash Station.

SPME Arrow Kit comprising of the SPME Arrow Tool assembly, GC inlet assembly, Heatexer Stirrer module, SPME liner, and a SPME Arrow set
https://www.palsystem.com/index.php?id=822 

SPME Arrow, 1.1 mm OD, DVB/CAR/PDMS. It should be placed in the conditioning station at 270°C for 30min before the first use.
https://www.palsystem.com/fileadmin/public/docs/Downloads/Brochures/Smart_SPME_Arrow_Leaflet_V3.pdf

Arrow Conditioning Module for the Arrow conditioning before and after analysis

Agitator Module for incubation of the sample before extraction

Table 2: Configuration of the PAL RTC automatic sample preparation platform.

SPME Arrow Parameters
Take a 5 mL water sample, add 1.0 g of sodium chloride, and place in a 20 mL screw headspace vial. Cap the vials with magnetic 
caps for transport and place them in the sample racks for analysis.
Before extraction, incubate the sample at 40°C for 3 minutes, then transfer the sample to the Heatex Stirrer Module, insert the 
SPME Arrow into the headspace above the sample, and extract at 40°C for 30 minutes. Desorb the Arrow after completing the 
extraction in the GC inlet for 5 min and start the GC-MS analysis.

GC-MS Analysis Parameter

Analytical column: Agilent DB-WAX UI gas chromatography column, 30 m × 0.25 mm × 0.25 µm, p/n 122-7032UI

GC oven temperature program: 40°C for 3 min, 10°C/min to 250°C, hold for 10 min

MMI inlet: splitless injection, 250°C

Carrier gas type and flow rate: He, constant flow mode, flow rate 1.0 mL/min

Transfer line temperature: 280°C

Ion source temperature: 250°C

Detection mode: MRM monitoring mode, see Table 3 for the ion transitions used.

Results and Discussion

Optimization of Extraction Conditions
The factors influencing adsorption efficiency in SPME mainly include the sorbent phase, extraction time, extraction tempera-
ture, sample pH and ionic strength. The effects of extraction time, extraction temperature, sample pH, and insertion depth of 
the inlet were validated.

SPME Sorbent Choice
Which stationary phase should be used should considering the distribution coefficients, polarities, and boiling points of the 
components? Because the odorous substances in water include both polar and weakly polar or non-polar compounds, a 
combination of polar and non-polar stationary phases is generally used to meet the extraction requirements of different polar 
compounds, such as DVB/CAR/PDMS.
The SPME Arrow extraction phase is 2 cm in length and 1.1 mm in diameter. It features a large specific surface area and large 
coating volume for a fast extraction speed and high sensitivity. In this experiment, the triple phase DVB/CAR/PDMS 1.1 mm was 
selected as the extraction coating. Excellent results for the odorous compounds were obtained.
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Extraction Temperature
The extraction temperature has a dual effect on SPME. Increasing the temperature can accelerate the molecular diffusion rate of 
the analytes and help to reach equilibrium in short time. However, the increase in temperature causes the equilibrium distribution 
coefficient K to decrease for the coating. The amount of adsorption is reduced, reducing sensitivity. In this experiment, the effect 
of extraction temperature on 57 analytes was investigated, and the temperature range examined was 30 to 70°C. The results 
show that for compounds with a GC-retention time up to 20 min, the optimal extraction temperature was 40°C. With extraction 
temperatures higher than 40°C, the response of these compounds gradually decreases with the increase of the temperature. 
This is caused by the decrease of the equilibrium partition coefficient for these analytes with the increase of temperature (Figure 
3A). For compounds with a retention times > 20 min, the extraction efficiency increases with the increase of the extraction 
temperature (Figure 3B). However, with higher extraction temperatures the amount of water vapor will increase, which has an 
adverse effect on the sorption process.

Figure 3: Effect of extraction temperature on extraction efficiency. 
A Compounds with RT up to 20 min at 40°C
B Compounds with RT after 20 min at different temperature settings 
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Extraction Time
The extraction time required to reach equilibrium and optimum sensitivity is determined by factors such as the partition coefficient 
of the analyte, the diffusion rate of the substance, the sample matrix, the sample volume, and the capacity of the sorption phase. 
In this experiment, the effect of extraction time on extraction efficiency was investigated. The time range examined was from 
10 min to 60 min. The results show that for compounds with a retention time < 20 min, an optimal extraction effect can be 
achieved with an extraction time of 30 min. For compounds with a retention time > 20 min, the extraction efficiency was higher 
with longer extraction times. Considering the number of compounds and the efficiency of the experiment, the extraction time 
of 30 min was selected as best compromise for the final experiments.

Figure 4: Effect of extraction time on extraction efficiency for the RT time ranges before and after 20 min.
A Optimum at 30 min extraction time for compounds before 20 min RT.
B Further increasing extraction efficiency with longer extraction times.

Salting-out Effect and pH
Both, salt addition and pH affect the ionic strength of the substrate, thereby affecting the distribution coefficient of the analyte 
between the substrate and the phase coating. Salting-out is the addition of sodium chloride or other salts to the sample 
increasing the ionic strength in the sample and the reducing the dissolution of the analytes in the matrix, increasing the K value, 
and improving the extraction efficiency. In this experiment, 20% sodium chloride was added to the water samples tested.
The adjustment of the pH of the water samples affects the dissociation of the analytes. For compounds with carboxyl and 
hydroxyl groups, better extraction results can be obtained under acidic conditions. For compounds with amino groups, ideal 
extraction results can be obtained under alkaline conditions. In this experiment, we investigated the effect of the sample pH 
on the extraction efficiency. Extraction under acidic conditions significantly promotes the extraction of phenols, acids and other 
acidic compounds (Figure 5). Under alkaline conditions the extraction of basic compounds such as amines is significantly 
improved (Figure 6). However, in the final experiment, in order to achieve the extraction of the best possible wide spectrum 
compounds in a single run, neutral extraction conditions were selected at the end.
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Figure 5: Promoting effect of extraction on selected compounds under acidic conditions (the top screenshots show acidic conditions, the lower ones neutral conditions, 
intensity in area cts):  
Vanillin response: acidic 2528 cts, neutral 651 cts
2,6-Dichlorophenol response: acidic 529511 cts, neutral 268100 cts

Figure 6: Promoting effect of extraction on selected compounds under alkaline conditions (the top screenshots show alkaline conditions, the lower ones neutral condi-
tions, intensity in area cts):
Dicyclohexylamine response: alkaline 1280 cts, neutral 0 cts
p-Ethylaniline response: alkaline 340029 cts, neutral 545 cts

Effect of GC Injector Penetration Depth
The depth of insertion of the SPME Arrow extraction phase into the injection port has a large effect on the efficiency of 
desorption. In the used MMI inlet the temperature at the center and lower positions of the liner is high.  With higher penetration 
depth into the inlet, a more efficiency and faster desorption can be achieved, shown in Figure 7.
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Figure 7: Effect of MMI GC inlet penetration depth (40-65 mm) on compound desorption for low and high boiling compounds.

Optimized SPME Arrow Extraction and Desorption Method
Under the optimized conditions described above calibration and real-life samples were analyzed.

Sodium chloride   20%, m/m
Extraction   at 40°C for 30 min
MMI injection port penetration depth 65 mm
Desorption time   5 min @ 250°C

The resulting chromatogram of the standard solution is shown in Figure 8. 
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Results

Calibration and Linearity
For the quantitative calibration standard a number of solutions were prepared with the concentrations of 1.0, 5.0, 10.0, 50.0, 
100, 500 ng/L of the odor compound mix. The measurement was performed according to the above optimized method. The 
peak area measured for each compound was plotted against the concentration to obtain the calibration curve. The precision of 
analysis was achieved with a linear correlation coefficient of better than 0.99 for all 57 target compounds, as shown in Figure 9.

Figure 8: TIC chromatogram of a standard solution at 10 ng/L after SPME Arrow extraction and GC desorption. 

Figure 9: Examples of the linear quantitative calibration of selected odor compounds in the range of 1 to 500 ng/L.
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Repeatability
A blank water sample was spiked at a level of 10 ng/L. As shown in Figure 10, the compounds showed good peaks, sharp 
peak shapes, and safe peak area integration with very good selectivity. A series of measurements (n=10) showed very good 
repeatability with a precision of less than 10% RSD for more than 90% of the compounds (Figure 11). Only the two acidic 
phenols 2,6-dichlorophenol, 2,4,6-trichlorophenol and the basic pyridine showed less than 20% RSD at this low trace level.

Figure 10: Selected GC-MS/MS peaks of compounds in actual water spiked at 10 ng/L.

Figure 11: Repeatability for an actual water sample spiked at 10 ng/L (n=10).
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Detection Limits
The method detection limits (MDL) were determined based on 
the precision of ten measurements at the same concentration. 
The calculation results show that the detection limits of 51 
compounds are less than 5 ng/L, and the method detection limits 
of only four compounds are greater than 10 ng/L (Table 3). Two 
compounds show detection limits between 5 and 10 ng/L.

RT Name Transition [m/z] MDL [ng/L]

2.94 1-Propanethiol 76.0 -> 42.0 1.20

3.16 1-Bromopropane 122.0 -> 43.0 1.24

4.87 n-Valeric aldehyde 44.0 -> 43.0 2.90

4.47 2,3-Butandione 86.0 -> 43.0 2.96

6.20 Dimethyl disulfide 94.0 -> 79.0 0.49

6.63 β-Pinene 93.0 -> 93.0 0.35

6.79 Diethyl carbonate 91.0 -> 63.0 1.02

6.81 n-Amylformate 70.0 -> 42.0 1.43

7.20 Isoamyl methyl ketone 43.0 -> 43.0 0.81

7.91 Cumene 105.0 -> 77.0 0.46

8.52 Cineole 139.0 -> 43.0 1.47

8.25 Pyridine 79.0 -> 52.0 5.75

8.63 Pyrazine 80.0 -> 53.0 2.90

9.43 p-Cymene 119.0 -> 119.0 0.73

9.62 Terpinolene 136.0 -> 121.0 1.02

9.59 Pyrimidine 80.0 -> 53.0 8.03

9.82 Cyclohexanone 98.0 -> 55.0 3.34

9.90 1,3-Diethylbenzene 105.0 -> 77.0 1.07

10.29 2,5-Dimethylpyrazine 108.0 -> 108.0 1.10

10.37 4-tert-Butyltoluene 133.0 -> 105.0 1.96

10.42 1,2,3-Trimethyl benzene 105.0 -> 105.0 1.30

10.42 tert-Amylbenzene 91.0 -> 91.0 1.48

10.51 Anisole 108.0 -> 108.0 0.77

10.53 n-Butyl glycidyl ether 57.0 -> 57.0 1.29

11.48 Pentylvalerate 85.0 -> 57.0 0.82

12.61 Acetonylacetone 99.0 -> 99.0 1.69

13.02 2-Isobutyl-3-methoxypyrazine 124.0 -> 94.0 1.18

13.04 N,N-Dimethylacrylamide 98.0 -> 42.0 204.80

13.23 Linalool 93.0 -> 93.0 0.92

13.83 Isoborneol acetate 136.0 -> 121.0 0.65

13.93 2-Methylisoborneol 108.0 -> 93.0 0.89

14.44 L-Menthol 81.0 -> 81.0 3.22

14.44 Dicyclohexylamine 138.0 -> 55.0 3.26

14.45 trans-2-Decenal 55.0 -> 55.0 1.57

15.64 4-Ethylbenzaldehyde 134.0 -> 105.0 2.02

15.67 Naphthalene 128.0 -> 128.0 2.98

16.31 Perillaldehyde 122.0 -> 79.0 0.65

16.44 Ethyl salicylate 120.0 -> 92.0 0.93

16.65 Anethole 148.0 -> 105.0 0.91

16.69 Geosmin 112.0 -> 97.0 0.22

16.79 2-Chlorophenol 128.0 -> 64.0 0.77

RT Name Transition [m/z] MDL [ng/L]

16.87 a-Ionone 121.0 -> 77.0 0.81

16.91 2-Methylnaphthalene 142.0 -> 142.0 2.46

16.93 Guaiacol 109.0 -> 81.0 1.41

17.42 2,6-Dimethylphenol 107.0 -> 77.0 1.88

17.53 p-Ethylaniline 106.0 -> 106.0 10.00

19.19 Methyl cinnamate 131.0 -> 103.0 1.41

19.51 2,6-Dichlorophenol 164.0 -> 63.0 3.44

20.07 2,4-Dichlorophenol 162.0 -> 162.0 1.43

21.12 Dihydrojasmonic acid methyl 153.0 -> 97.0 3.53

21.81 2,4,6-Trichlorophenol 196.0 -> 97.0 2.87

22.41 4-Chlorophenol 128.0 -> 65.0 2.40

22.97 4-Chloro-m-cresol 142.0 -> 107.0 1.09

23.16 Ethylvanillin 166.0 -> 137.0 25.70

23.53 Vanillin 152.0 -> 151.0 76.41

23.83 p-Bromophenol 172.0 -> 65.0 1.85

24.09 Benzyl benzoate 212.0 -> 105.0 0.48
Table 3: Compound retention time, name, ion transition for quantitation, and 
method detection limits (MDL) of the tested compounds.

Conclusion
A quantitative analysis method for the screening of malodourous 
substances in water was systematically optimized using the 
SPME Arrow extraction with GC-MS/MS detection. 
This optimized SPME Arrow method offers the following 
advantages:
• The method fulfills the requirements of international 

regulations for drinking water:
 - EU Commission Regulation Directive 98/83/EC, 

amended in 2003, 2009 and 2015
 - EU Water Framework Directive https://ec.europa.eu/

environment/water/water-drink/index_en.html
 - USA Water Quality Association: https://www.

wqa.org/Por tals/0/LiveKnowledgebase/20263/
Ta s t e % 2 0 a n d % 2 0 O d o r % 2 0 Fa c t % 2 0 S h e e t .
pdf?ver=2019-12-20-133643-940

 - China Sanitary Standards for Drinking Water GB 5749-
2006 and test methods for odorous substances in 
domestic drinking water GB/T 32470-2016

• Using the SPME Arrow extraction provides high sensitivity, 
fast and stable quantification.

• SPME Arrow has a long analytical lifetime and can be used 
more than 500 times for headspace extraction.

• Green analytical method: No need for organic solvents 
reduces environmental pollution and protects operator safety.

• Only small water sample volume required, facilitates 
sampling and transport to the laboratory.

• GC-MS/MS analysis achieves high compound selectivity 
from the matrix with precise peak integration. 

• It is easy to achieve automated online monitoring.
• The method is fully automated for high sample throughput 

and unattended operation. 
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