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Introduction
Bromoethane (EtBr) occurs both naturally and 
anthropogenically, and is an important raw material 
utilized in the manufacturing of synthetic pesticides, 

medicines, refrigerants and dyes. EtBr is volatile by nature, and is widely used 
as a broad-spectrum pesticide in grain storage fumigation to prevent fungi and 
weed production, or control insect and rodent populations in storage facilities. 
Although effective as a pesticide, EtBr has been banned in many countries 
through the Montreal Protocol (1987) because of its potential to contribute to 
ozone depletion. It also poses a potential health risk to humans when inhaled 
or consumed owing to its ability to effect and harm the neurological system. 
EtBr has been classified by the State of California as a carcinogen and a 
reproductive toxin.

Recent studies have focused on the determination of EtBr in ambient air, 
raw materials and pharmaceutical preparations. In this study, a headspace 
sampling technique is used to extract EtBr from drinking water samples. 
Following extraction, the extract is analyzed by a PerkinElmer Clarus® SQ 8 
GC/MS system. The method sensitivity using the headspace-GC/MS system is 
compared to that achieved using a headspace trap-GC/MS system. The linearity 
results demonstrate that the method is accurate and reliable in the analysis of 
EtBr in drinking water samples. 
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Experimental
Sample Preparation and Extraction

A bromoethane standard was purchased from ANPEL Laboratory 
Technologies Inc. (Shanghai). The pure water utilized in the 
experiment was produced by Mini-Q. The method detection 
limits were determined by analyzing seven replicates of a 1 µg/L 
bromoethane calibration solution. The signal-to-noise (S/N)  
results were investigated by spiking 1 µg/L of the standard into  
5 ml of pure water.

Instrumentation

A PerkinElmer Clarus SQ 8 GC/MS, operating in electron ionization 
(EI) mode, with TurboMatrix™ HS 40 Trap was used to perform 
these experiments. HS mode and HS trap mode can be operated 
and switched easily on the TurboMatrix platform by selecting 
constant or trap operating mode on the touch screen of the 
headspace sampler. Instrument conditions are presented in 
Tables 1 and 2. A PerkinElmer Elite 624 SIL column (60 m x 
0.32 mm x 1.8 µm) was used to separate the target compound 
from others in the sample. The GC column was connected directly 
to the headspace sampling head through the heated transfer line, 
which is named as on-column operation. 

HS Parameters 
Needle Temperature 80 °C
Transfer Line Temperature 100 °C
Oven Temperature 30 °C
Thermostatting Time 30 min
Pressurization Time 1 min
Column Pressure 18 psi
Vial Pressure 30 psi
GC Parameters
Analytical Column Elite-624 SIL (60 m x 0.32 mm x 1.8 µm)
Inlet Temp 200 °C
Initial Oven Temp 40 °C
Oven Hold 5.0 min
Ramp 25 °C/min
2nd Oven Temp 200 °C
Oven Hold 5 min
MS Parameters
Mass Range (amu) 33 to 300
GC Inlet Line Temp 200 °C
Ion Source Temp 200 °C
Function Type SIFI
Ionization EI

Table 1: Analytical parameters for HS mode.

HS Parameters 
Needle Temperature 80 °C
Transfer Line Temperature 100 °C
Oven Temperature 30 °C
Trap Low Temperature 40 °C
Trap High Temperature 250 °C
Dry Purge (Helium) 1 min
Trap Hold Time 10 min
Desorb Time 0.5 min
Thermostatting Time 30 min
Pressurization Time 1 min
Decay Time 2 min
Headspace Trap  
Cycle Number 1

Outlet Split OFF
Column Pressure 18 psi
Vial Pressure 30 psi
Desorb Pressure 18 psi
GC Parameters
Analytical Column Elite-624 SIL (60 m x 0.32 mm x 1.8 µm)
Inlet Temp 200 °C
Initial Oven Temp 40 °C
Oven Hold 5.0 min
Ramp 25 °C/min
2nd Oven Temp 200 °C
Oven Hold 5 min
MS Parameters
Mass Range (amu) 33 to 300
GC Inlet Line Temp 200 °C
Ion Source Temp 200 °C
Function Type SIFI
Ionization EI

Table 2: Analytical parameters for HS trap mode. 

Calibration

The calibration curve was prepared by diluting the EtBr standard  
to the proper concentration in 5 mL of pure water, resulting in  
a series of concentrations of calibration standard solution (Table 3). 
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.

Calibration Level 1 2 3 4 5
EtBr (µg/L) 1.0 2.0 5.0 10.0 40.0

Table 3: Calibration points employed in this study.
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Figure 1: The selected ion chromatograms of 1 µg/L of EtBr calibration solution. (A: HS mode; B: HS trap mode.)

Results and Discussion
The TurboMatrix air monitoring trap was packed with 
carbonaceous sorbents which are commonly used for ozone 
precursor and air toxics monitoring, showing good adsorption 
and desorption capability for C3-C12 compounds. EtBr is a small 
molecular compound with a boiling point of 38.4 °C, and as 
such, an air monitoring trap was used to concentrate the target 
compound in this study. On-column operation is recommended 
for the HS trap, and can also be used with a headspace sampling 
technique. The sample was transferred directly to the GC column 
without being split. Owing to the volatility of EtBr, an oven 
temperature of 30 °C was utilized for the headspace sampler. 

The selected ion chromatograms of the level 1 calibration standard 
are shown in Figure 1. The peak height and peak area for the HS 
trap mode are significantly higher than that of the HS mode. The 
signal-to-noise for the HS trap mode is 30-fold higher than that for 
the HS mode, which results in higher analytical sensitivity (Table 4). 
Further, the method detection limits (LOD) and limits of quantitation 

(LOQ) using headspace trap-GC/MS are also are significantly lower 
than those achieved using headspace-GC/MS.

EtBr was quantified in the water samples using selected ion 
chromatograms. The quantitation ion utilized was 108, and the 
qualitative ion was 110. The calibration curves were plotted 
as the peak area versus the amount of analyte. Calibration 
results showed good linearity with a regression coefficient (r2) 
higher than 0.999 (Table 4). The method detection limits were 
calculated to be 0.070 µg/L for HS mode, and 0.0025 for HS trap 
mode, as shown in Table 4.

Summary
In this study, two methods for the determination of EtBr in a water 
sample were established using a HS trap-GC/MS system. HS and 
HS trap mode can be switched flexibly according to the amount 
of EtBr in the water sample. The results for sensitivity and linearity 
demonstrate that this system offers a turnkey solution for the 
determination of EtBr in drinking water, providing the performance 
and stability needed for most applications.

Operating Mode
Linearity

S/N* LOD (µg/L) LOQ (µg/L)
Linear Range Calibration Curve r2

HS 1-40 µg/L y=12.141x+7.737 0.9996 42.87 0.0700 0.2333
HS Trap 1-40 µg/L y=2260.4x+4952 0.9998 1224.01 0.0025 0.0082

Table 4: Results for linearity, signal to noise, method detection limit and limit of quantition.

* The result of signal to noise was calculated using selected ion chromatograms.


