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The Beijing Municipal Center for Food Safety Monitoring (China) was 
set up by the Beijing Safety Administration in early 2004 and assigned 
to provide technical support for food safety management for the Bei-
jing municipal government and the Beijing 2008 Olympic Games. 
The Beijing Food Laboratory (Figure 1) has developed methodology 
using a variety of analytical technologies in preparing for routine and 
emergency food monitoring. Volatile organic compounds (VOCs) such 
as benzene and chloroform can be dangerous in food and beverages at 
concentrations above a safe level. Accurate measurements are neces-
sary to ensure uncontaminated food.

The development of methodology to measure VOCs at low levels using GC-MS 
coupled with Headspace Trap 
sample introduction is described 
here. The methodology is based 
on U.S. EPA Method 8260B, a 
well-established method for the 
determination of volatile organ-
ics in environmental matrices.1

Quality control parameters 
for the developed method are 
demonstrated and a variety of 
beverages and foods measured 
to demonstrate the ease of use 
of the methodology.
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Figure 1 Headspace Trap GC-MS in the 
Beijing Food Laboratory.

Table 1 Instrument parameters
Sample introduction  TurboMatrix HS 40 Trap
Needle temperature  90 °C
Transfer line temperature  120 °C
Oven temperature  80 °C
Trap low temperature  40 °C
Trap high temperature  280 °C
Dry purge (helium)  5 min
Trap hold time  6 min
Desorb time  0.5 min
Thermostating time  30 min 
Pressurization time  1 min
Decay time  2 min
Column pressure  15 psi
Vial pressure  35 psi
Desorb pressure  10 psi
Transfer line  Fused silica 2 m × 320 μm
GC Clarus 600 GC
Headspace connector  Universal connector
Oven program initial temperature  40 °C
Hold time 1  1 min
Ramp 1  10 °C/min to 100 °C
Hold time 2  0 min
Ramp 2  15 °C/min to 230 °C
Hold time 3  1.66 min
Equilibration time  0.5 min
Vacuum compensation  On
Headspace control  On
Column  Elite Volatile MS 
 (PerkinElmer): 30 m × 250 μm
Carrier gas  Helium
MS Clarus 600 MS
Mass range  45–300 μm
Solvent delay time  0.5 min
Sample introduction  TurboMatrix HS 40 Trap
Scan time  0.20 sec
Interscan delay time  0.02 sec

Table 1 continued



Experimental
Method 8260B is a GC-MS method for VOC analysis. Although 
sample introduction is often performed using purge-and-trap tech-
nology, headspace trap provides certain advantages for food matri-
ces. The technique is very sensitive because the Trap provides 
focusing before instrument introduction and remains clean because 
of limited sample contact.2,3 Table 1 shows the instrumental setup 
parameters for the GC, MS, and Headspace Trap analyzer (Clarus® 
600 GC and MS and TurboMatrix™ HS 40 Trap [all PerkinElmer, 
Inc., Shelton, CT]).

The headspace transfer line was passed through the GC injector 
port and connected to the GC column using a universal capil-
lary column connector.

Figure 2 shows the parameters of the mass spectrometer. The multi-
plier voltage was decreased to 350 V. The Headspace Trap pro-
vided so much sensitivity that the MS sensitivity was reduced to 
prolong photomultiplier life.

Calibration standards preparation
Preparation of 20 μg/mL of standard stock solution:

•	 2.00	mL	of	a	1000-μg/mL	VOC	standard	was	added	to	90	mL	of	
methanol in a 100-mL volumetric flask.

•	 The	solution	was	diluted	to	100	mL	with	methanol.	This	standard	
stock mixture was kept in a freezer.

Preparation of 1.00 μg/mL of working standard solution:

•	 0.500	mL	of	20	μg/mL	of	standard	stock	solution	was	diluted	to	10	
mL with water.

•	 Working	standards	were	prepared	fresh	each	day.

Table 1 Instrument parameters continued
Sample introduction  TurboMatrix HS 40 Trap
Transfer line temperature  200 °C
Source temperature  200 °C
Multiplier  350 V
Trap emission  100 μA
Software  TurboMass 5.4.2 with Reporting

Figure 2 Tune page showing MS parameters.

Table 2 Calibration amount to be added to 22-mL headspace vial
Calibration Water standard Secondary standard,
standard  concentration level stock solution added Water
1 2 μg/L  10 μL 4.99 mL
2 10 μg/L  50 μL 4.95 mL
3 20 μg/L  100 μL 4.90 mL
4 50 μg/L  250 μL 4.75 mL
5 100 μg/L 500 μL 4.5 mL



Table 3 Calibration table for 60 VOCs
  Retention Primary  %RSD required Corr. MDL
Sample type Compound name time (min) ion %RSD to pass coeff. (µg/L)
Target Diethyl ether 2.537 74 8.9 15 0.9999 0.70
Target 1,1-Dichloroethene 2.706 96 6.3 15 0.9972 0.82
Target Methylene chloride 2.786 84 4.2 15 0.9999 0.21
Target Carbon disulfide 2.904 76 11.6 15 0.9998 0.43
Target trans-1,2-Dichloroethene 3.201 96 6.4 15 0.9996 0.69
Target 1,1-Dichloroethane 3.377 63 7.2 15 0.9997 0.63
Target Chloroprene  3.626 53 7.3 15 0.9996 1.30
Target cis-1,2-Dichloroethene 3.773 96 5.8 15 0.9998 0.69
Target Bromochloromethane 3.879 128 8.0 15 0.9996 0.42
Target Chloroform 3.927 83 5.3 15 0.9996 0.49
Target 2,2-Dichloropropane 3.99 77 8.7 15 0.998 0.75
Target Tetrahydrofuran 4.195 72 8.0 15 0.9994 0.37
Target 1,2-Dichloroethane 4.426 62 4.3 15 0.9999 0.43
Target 1,1,1-Trichloroethane 4.518 97 7.1 15 0.9993 0.58
Target 1,1-Dichloropropene 4.668 75 7.6 15 0.9985 1.95
Target Benzene 4.826 78 7.4 15 0.9928 0.24
Target Dibromomethane 5.34 93 6.0 15 0.999 0.43
Target 1,2-Dichloropropane 5.38 63 7.5 15 0.9996 0.60
Target Trichloroethene 5.424 95 7.4 15 0.9992 0.85
Target Bromodichloromethane 5.464 83 5.1 15 0.9991 1.83
Target Methyl methacrylate 5.666 69 6.4 15 0.9988 0.69
Target cis-1,3-Dichloropropene 6.117 75 7.8 15 0.995 3.04
Target trans-1,3-Dichloropropene  6.572 75 7.6 15 0.9988 0.65
Target 1,1,2-Trichloroethane  6.712 83 4.9 15 0.9999 0.57
Target Toluene 6.913 92 6.8 15 0.9995 0.43
Target 1,3-Dichloropropane 6.983 76 6.9 15 0.9997 0.48
Target Ethyl methacrylate 7.093 69 7.2 15 0.9989 0.46
Target Dibromochloromethane 7.218 129 6.0 15 0.9988 0.99
Target 1,2-Dibromoethane 7.478 107 7.0 15 0.9996 0.75
Target  Tetrachloroethene 7.702 164 6.9 15 0.9989 0.54
Target 1,1,1,2-Tetrachloroethane 8.355 131 6.9 15 0.9997 0.85
Target Chlorobenzene 8.429 112 7.6 15 0.9999 0.45
Target Ethylbenzene  8.671 91 6.8 15 0.9997 0.53
Target p,m-Xylene 8.895 106 7.7 15 0.9995 0.47

Table 3 continued



Table 3 Calibration table for 60 VOCs continued
  Retention Primary  %RSD required Corr. MDL
Sample type Compound name time (min) ion %RSD to pass coeff. (µg/L)
Target cis-1,4-Dichloro-2-butene 9.159 75 8.1 15 0.9959 0.36
Target Styrene 9.236 104 8.2 15 0.9995 0.59
Target o-Xylene 9.316 106 7.6 15 0.9996 0.47
Target 1,2,3-Trichloropropane 9.456 75 6.5 15 0.9995 0.61
Target trans-1,4-Dichloro-2-butene 9.526 53 6.5 15 0.9992 0.67
Target Isopropylbenzene 9.72 105 7.7 15 0.9995 0.48
Target Bromobenzene 9.929 156 6.9 15 0.9998 0.50
Target n-Propylbenzene 10.197 91 7.1 15 0.9995 0.53
Target 2-Chlorotoluene 10.27 91 7.2 15 0.9997 0.53
Target 4-Chlorotoluene 10.362 91 6.8 15 0.9995 0.51
Target 1,3,5-Trimethylbenzene 10.538 105 7.9 15 0.9994 0.47
Target tert-Butylbenzene 10.802 119 7.2 15 0.9995 0.66
Target 1,2,4-Trimethylbenzene 10.942 105 7.8 15 0.9995 0.54
Target sec-Butylbenzene 11.041 105 7.7 15 0.9992 0.63
Target 1,3-Dichlorobenzene 11.081 146 7.4 15 0.9997 0.68
Target 1,4-Dichlorobenzene 11.155 146 7.9 15 0.9996 0.50
Target p-Isopropyltoluene 11.254 119 7.3 15 0.9994 0.61
Target 1,2-Dichlorobenzene 11.529 146 7.4 15 0.9998 0.50
Target n-Butylbenzene 11.683 91 7.3 15 0.9994 0.69
Target 1,2-Dibromo-3-chloropropane 12.006 75 6.7 15 0.9994 0.77
Target Nitrobenzene  12.273 123 8.6 15 0.9997 0.38
Target 1,2,4-Trichlorobenzene 13.444 180 9.2 15 0.998 1.54
Target Naphthalene 13.679 128 7.9 15 0.9976 2.13
Target Hexachlorobutadiene 13.778 225 7.2 15 0.9993 1.32
Target 1,2,3-Trichlorobenzene 13.899 180 7.7 15 0.999 1.20

The working standard solution was diluted into the headspace vial to prepare 
calibration standards. Specific dilutions are shown in Table 2. All headspace 
vials were sealed immediately and transferred to the Headspace Trap analyzer.

Results
Five calibration levels are required for Method 8260B. Each compound 
must be below 15% RSD. If the RSD exceeds 15%, the initial cali-

bration must be rerun. Table 3 shows RSD data of a 50-μg/L standard 
injection for 60 volatile compounds. All meet the specified criteria of 
RSD less than 15%. Figure 3 is an example chromatogram of a 50-μg/L 
standard injection.

Method detection limits (MDLs) were calculated to give an indication 
of the measurement capability. The quantitation limit is generally 10× 
above	the	MDL.	The	MDLs	were	calculated	using	Eq.	(1).	Water	blanks	



were analyzed to determine the 
baseline and six samples were pre-
pared at 2.0 μg/L. Each individual 
MDL was obtained by multiplying 
the standard deviation (s) by the 
99% t-statistic. Table 4 also shows 
the list of MDLs. MDL calculation:

 MDL = t(n–1, a = 0.99) (s) (1)

It is possible to achieve better MDLs 
by optimizing instrument param-
eters. For example, higher multi-
plier voltage will result in improved 
MDL numbers. The Headspace 
Trap provided so much sensitivity 
that MDL in this method already 
met	World	Health	Organization	
(WHO)	guideline	values	for	chemi-
cals that were of health significance 
in drinking water.

Automated Mass Deconvolution 
and Identification System (AMDIS) 
software is supplied by the National 
Institute of Science and Technol-
ogy (NIST) with purchase of the 
library package. The software deconvolutes the spectra of overlapping 

chromatographic peaks and 
pulls out “clean target spectra” 
from overlapping peaks. It is 
successful at isolating a com-
pound spectrum from column 
bleed, other analytes, and other 
coextracted interferences, even 
when interference abundances 
are much greater than the tar-
get analyte.

Figure 4 shows a screen capture from AMDIS: a) total ion chromatogram 
of tap water; b) ions 47, 83, and 85 of the peak at 5.47 min; and c) show-
ing that the black mass spectrum is the sample peak at 5.47 min and the 
white mass spectrum is bromodichloromethane in the NIST library. Both 
of these two mass spectra match well and there is bromo dichloromethane 
in the tap water sample.

Tap water, cola, orange juice, tea leaves, a paper cup, lotion, and sham-
poo were analyzed and the volatile concentrations quantified (Table 4). 
Table 4 also shows that 40 ng/g of VOCs was spiked into the samples 
and their matrix spike and matrix spike duplicate recovery were cal-

American Laboratory, On-Line Edition, April 2009

Figure 3 Total ion chromatogram of a 
50-μg/L standard injection.

Table 4 Sample analysis and matrix spike recovery
  Concentration Matrix spike Matrix spike duplicate
Sample VOC found  (ng/g) recovery (%) recovery (%)
Tap water Methylene chloride 2.1 101 103
 Chloroform 1.9 120 120
 Bromodichloromethane 4.4 109 112
  Dibromochloromethane 4.4 119 120
Cola Chloroform 3.2 122 120
 Bromodichloromethane 2.2 98 107
  n-Butylbenzene 30 84.8 81.5
Orange juice Toluene 0.7 94.5 84.5
Tea leaves Diethyl ether 6.6 91.25 95
  1,1-Dichloroethane 13.2 91.5 87.75
Paper cup Chloroform 89.1 65 92.5
  1,4-Dichlorobenzene 41.1 92.75 113
Lotion Carbon disulfide 5.2 116.5 97.25
 1,2-Dichloroethane 7.2 85 73.25
 Benzene 33.3 116.5 87
 Toluene 96.4 45.25 87.25
 Ethylbenzene 49.1 65.25 46
 p, m-Xylene 33.2 50.25 40.5
  o-Xylene 27.7 49.75 44
Shampoo Carbon disulfide 5.8 95.75 94.5
  Chloroform 18.8 71.5 70



culated. AMDIS software was used to confirm the VOCs detected in 
those liquid and solid samples.

Discussion
Headspace Trap is an alternative sample handling technology to 
purge and trap. In this article, it has been shown to have very good 
sensitivity and linearity. A calibration curve for diethyl ether is 
shown in Figure 5, demonstrating the features described.

The Headspace Trap uses heat to extract compounds out of the 
water into the headspace instead of purging. The TurboMatrix 
HS Trap offers three advantages: easy sample preparation, no 
need to clean glassware between injections, and no cross-con-
tamination of samples.

Some analytes may have 
less favorable partition coef-
ficients. Adding inorganic 
salts into the aqueous sample 
significantly improves the 
extraction efficiency.

A f t e r  t h e  a n a l y t e s  a r e 
extracted, the Trap is dry-
purged to eliminate the mois-
ture. Then the Trap is heated 
and helium gas carries a nar-
row band of the desorbed ana-
lytes into the GC-MS system.

WHO	 produces 	 interna -
tional norms on water quality and human health in the form of 
guidelines that are used as the basis for regulation and standard set-
ting in developing and developed countries worldwide. Since there 
are few guidelines for VOCs in food and beverages, the water guide-
lines can also serve as guidance on the magnitude of concentrations 
that should be monitored for exposure from food. Table 5 compares 
the guideline for selected compounds with the MDL that can be 
achieved using this method. The method developed provides suf-
ficient capability to measure with confidence at the regulatory level 
and lower concentrations.

Conclusion
This article shows that the Clarus 600 GC-MS system with 
 TurboMatrix HS 40 Trap meets all the requirements for a rigor-
ous method such as U.S. EPA Method 8260B, including minimum 
detection limits and calibration requirements. Advantages of the 
Headspace Trap technique include ease of use, utilization of dispos-
able sample vials, and no cross- contamination of samples.

The engineers in the Beijing Food Laboratory used Headspace Trap 
to perform the sample handling required for Method 8260B. All com-

Figure 4 Screen capture from AMDIS showing a) total ion chromatogram of tap 
water, and b) ions 47 (yellow), 83 (red), and 85 (blue) of the peak at 5.47 min, and 
TIC (white). c) The black mass spectrum is the sample peak at 5.47 min and the white 
mass spectrum is bromodichloromethane in the NIST library. Both of these two mass 
spectra match well.

a

b

c

Figure 5 Calibration curve for diethyl ether.



pounds determined passed the 8260B %RSD requirements. Correlation 
coefficients are included in Table 4 to show individual compound per-
formance. The method determined allows them to measure many sam-
ples at low concentrations in a variety of beverage and food matrices.

Summary of method
1. Set up Headspace Trap and GC-MS.
2. Set up experiment methods as described in Table 1.
3. Run a blank water sample to check contamination in the system.
4. Run five levels of calibration standards. The calibration curve is from 

2 to 100 μg/L.
5. Calculate the %RSD for 50-μg/L VOC standard solutions. If RSDs 

are higher than 15%, rerun the initial calibration curve.

6. Run samples.
7. In every 20 samples, a laboratory control sample (LCS) must be run.
8. The instrument calibration checks must be performed every day. The 

%RSD of the calibration check compounds should be within 20% of 
the initial calibration.

Establish method performance:

•	 Check	for	MDLs
•	 Check	for	precision	by	calculating	the	%RSD.
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Table 5 Comparison of MDLs with WHO guidance limits for 
 drinking water
 WHO guideline for
Compound drinking water (mg/L) MDLs (mg/L)
Benzene 0.01 0.00024
Dibromochloromethane 0.1 0.00099
Styrene 0.02 0.00059
Toluene 0.7 0.00043
Trichloroethene 0.07 0.00085
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