
Introduction

Continued urbanization and 
industrialization throughout the 
world have brought the problem 
of malodor pollution into the 
forefront of many discussions on 
environmental sustainability and 

protection. Volatile organic sulfur compounds (VOSCs) have been identified as a primary contributor to 
malodor pollution in water, and are considered a serious safety and environmental threat, owing to the 
potential toxicity of compounds such as methyl mercaptan, ethanethiol, dimethyl sulfide (DMS), dimethyl 
disulfide (DMDS), dimethyl trisulfide (DMTS), methyl phenyl sulfide, carbon disulfide, carbonyl sulfide and 
hydrogen sulfide (H2S).

DMDS and DMTS are commonly found in urban sewage, and are formed by the conversion of sulfate 
through microbial reduction during the sewage transportation processes.1 Recognized as one of the 
main malodor contributors in urban sewage, DMDS and DMTS produce a “swampy” smell in sewage, 
akin to odors related to decaying cabbage or garlic. Water sources contaminated with trace amounts of 
DMDS and DMTS also result in an unpleasant odor and taste, causing concern and complaints amongst 
consumers. Thus, the determination and abatement of these VOSCs in water is drawing increasing 
attention amongst utility providers, water treatment plants and regulators alike.
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Considerable research has been undertaken to develop a 
method for the analysis of DMDS and DMTS in water at trace 
concentrations. A number of analytical techniques have all been 
rigorously studied and evaluated for performance and repeatability, 
such as solid-phase microextraction (SPME), static headspace, and 
purge and trap coupled with:

• Gas chromatography – sulfur chemiluminescence  
detector (GC/SCD), 

• Gas chromatography – flame photometric detector (GC/FPD), 

• Gas chromatography – pulsed flame photometric detector  
(GC/PFPD), and 

• Gas chromatography – mass spectrometry (GC/MS)

There is currently no maximum contaminant level (MCL) 
established by the United States Environmental Protection Agency 
(EPA), indicating the legal threshold limit for concentrations of the 
compound in public water supplies.

In this study, a method for the determination of DMDS and DMTS in 
water was established using a PerkinElmer Clarus® GC/FPD with the 
TurboMatrix™ HS-40 Trap. The methodology offers a simple, sensitive 
and efficient means of detecting DMDS and DMTS in water.

Experimental

Instrumentation
A PerkinElmer Clarus GC/FPD with sulfur mode filter assembly, 
and a TurboMatrix HS-40 Trap sampler were used to perform 
these experiments, with the conditions presented in Table 1. The 
headspace transfer line was directly connected to a PerkinElmer 
Elite-5MS column (60 m x 0.32 mm x 1.0 μm), and helium was 
used as the carrier gas. A cold trap packed with Tenax® TA was 
used in this study to concentrate the target compounds, owing to 
its exceptional trapping capacity. The flame photometric detector 
utilized in this study is a highly sensitive and selective detector 
available at a relatively low cost, allowing for high productivity 
and margins. The Clarus GC/FPD, used in conjunction with the 
TurboMatrix HS-40, offers a cost-effective solution for VOSC 
determination, providing the performance and stability needed, 
without sacrificing sensitivity. 

Sample Preparation
DMDS and DMTS standards were obtained from ANPEL Laboratory 
Technologies (Shanghai) Inc., and the pure water utilized in the 
experiment was produced by Mini-Q. 

A standard sample was prepared by adding 5 mL of calibration 
standard to the 22 mL glass headspace vials with PTFE-faced septa. 
The vials were sealed immediately with the PTFE side of the septum 
facing toward the sample.

Table 1. Analytical parameters.

HS Parameters 

Needle Temperature 110 °C

Transfer Line Temperature 120 °C

Oven Temperature 85 °C

Trap Low Temperature 40 °C

Trap High Temperature 280 °C

Dry Purge (Helium) 10 min

Trap Hold Time 8 min

Desorb Time 0.1 min

Thermostatting Time 20 min

Pressurization Time 1 min

Decay Time 2 min

Cycle Number 1

Outlet Split OFF

Column Pressure 20 psi

Vial Pressure 40 psi

Desorb Pressure 15 psi

GC Parameters

Headspace Connector Universal Connector

Inlet Temp 200 °C

Carrier Gas Helium

Initial Oven Temp 40 °C

Oven Hold 5 min

Ramp 15 °C/min to 230 °C

2nd Oven Temp 2 min

FPD Temperature 250 °C

H2 Flow 75 mL/min

Air Flow 105 mL/min

PMT Voltage 80%

Attenuation -6

Table 2. Calibration points employed in this study.

Compound Name Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7

DMDS (µg/L) 0.40 0.80 1.50 3.00 5.00 8.00 12.00

DMTS (µg/L) 0.020 0.040 0.075 0.150 0.250 0.400 0.600

Water samples for method recovery calculation were collected 
from potable water sources taken from an office faucet. 
Method precision was investigated with six injections of the 
level 4 standard (Table 2). Reporting limits were determined 
by analyzing the standard at the concentration of 0.10 µg/L 
for DMDS and 0.015 µg/L for DMTS. Method recovery was 
investigated by spiking standards in 5 mL water samples to 
give expected concentrations of 1.50, 5.00 and 12.00 µg/L for 
DMDS, and 0.075, 0.250 and 0.600 µg/L for DMTS.
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Calibration
The concentration of standards for calibration are shown in 
Table 2. Each calibration standard was transferred to a separate 
headspace vial. All vials were sealed immediately with the PTFE 
side of the septum facing toward the sample. 

Results and Discussion 

The FPD is often chosen for the trace determination of sulfur 
compounds due to its high selectivity, particularly when there 
are much larger amounts of other organic compounds such 
as hydrocarbons in the sample matrix. Figure 1 shows the 
chromatogram of a calibration standard with two target sulfur 
compounds and a flat baseline. The background interference  
is greatly reduced. 

The oven temperature for the headspace sampler was set 
to 85 °C to achieve thermal equilibrium in a short period 
of time. 10 minutes of dry purge time was long enough to 
remove moisture from the system. The results for sensitivity 
were calculated utilizing the Tenax TA trap and air monitoring 
trap in this experiment. The Tenax TA trap shows double trap 
capacity for DMTS and similar for DMDS, when compared to 
an air monitoring trap. The relationship between trap load 
cycle number and peak area were observed. The increase in the 
cycle number afforded the increase of area for DMTS, while 
a decrease was observed for DMDS. Thus, the trap load cycle 
number was set to 1.  

The calibration curves were plotted as the peak area versus 
the amount of analyte and fitted as quadratic equation. The 
determination coefficients (r2) was over 0.999, showing the 
reliability of the analysis in the calibration range (Figure 2).  
Table 3 summarizes the results for method repeatability, percent 
recovery and signal to noise (S/N) at the reporting limit. Area 
repeatability measured by the relative standard deviation (RSD) 
was found to be 4.58% for DMDS and 5.36% for DMTS.  
The recovery was 90.4 – 108.1% for low concentrations in  
the = water sample, 95.7 – 96.6% for mid concentrations and 
99.7 – 99.9% for high concentrations. 

Figure 1. The chromatogram of a calibration standard (level 4).

Table 3. Results for MDL, repeatability and recovery.

Compound Name
Reporting Limit Repeatability (RSD%) Recovery (%)

S/N RT Area Low Mid High

DMDS 3.149 0.07 4.58 90.4 95.7 99.7

DMTS 5.561 0.08 5.36 108.1 96.6 99.9

Figure 2. The DMDS and DMTS calibration curves.
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Summary

The results obtained in this experiment demonstrate the ability of 
the PerkinElmer Clarus® GC/FPD and the TurboMatrix™ HS-40 Trap 
sampler to efficiently quantify two main VOSCs in water.  The 
method is simple, cost effective, accurate and stable, enabling 
accurate detecting of environmental samples.
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