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Abstract 
Commercial laboratory organisations are reviewing use of 
Hydrogen now and looking to upgrade/replace old systems and 
methods.  As well as a reduction in gas costs when switching 
from helium to hydrogen carrier; a high-grade helium cylinder 
can cost up to £1800 and an equivalent hydrogen cylinder £130, 
there is also a driver from an environmental perspective, 
particularly if generators are used for the hydrogen carrier gas 
supply.  

As there is a fully validated Anatune solution for Volatile Organic 
Compounds VOCs in water (as reported in application note AS 
243), this method was chosen to evaluate hydrogen as a carrier 
gas to potentially improve sample throughput, something which 
is of importance for environmental contract testing laboratories.  

This application note discusses the process of converting a 
method to use hydrogen carrier and presents some of the data 
obtained for determination of VOC in water using Static 
headspace extraction with gas chromatography mass 
spectrometry (HS-GC-MS), which is an established technique for 
this analysis.  
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Introduction 

The full validation of the Anatune robotic VOC 
analyser using auto spiking and the GERSTEL 
Prep Ahead function for efficiency and 
robustness has previously been described in 
Application note AS243. 
 
This application note details the work performed 
to evaluate this method using hydrogen as a 
carrier gas, rather than helium and presents 
some of the data obtained. 
 

Hydrogen carrier gas can give higher background 
noise compared to Helium, so there is a potential 
reduction in signal to noise ratio. However, the 
use of hydrogen carrier gas often results in 
sharper peaks, and thus peak height, which can 
increase sensitivity by offsetting against 
background noise increases.  
For GC/MS methods using SIM or SIM/Scan 
acquisition, it is important to maintain sufficient 
points across the peak for accurate quantitation. 
As use of hydrogen gives sharper 
chromatography and therefore narrower peaks, 
maintaining an adequate number of scans across 
a peak can be challenging requiring greater 
attention be paid to optimisation of acquisition 
parameters.  
For some compounds, changes in spectra and 
abundance ratios are observed (this can be flow 

dependant), although for most compounds, a 
good NIST library match is still achieved.  
Attention must also be paid to optimisation of 
column flow as there is a difference in optimal 
linear velocity between carrier gases and so 
optimisation of column flow must be performed to 
achieve optimal chromatography. 
 

Instrumentation & Materials 

The Anatune High Throughput Fully Automated 
VOC robotic analyser uses the GERSTEL MPS 
Robotic dual head (2.5 mL headspace syringe 
and 50 µL syringe), the Agilent 7890B-5977B 
GC-MS (with 6 mm extractor lens installed) and a 
series of 60 position trays for 20 mL vials as well 
as an optional cooled tray for standard solutions. 
 

Matrix water (15 mL) and matrix modifier (sodium 
sulphate) were added to 20 mL vials and loaded 
onto the MPS sample tray. The MPS Robotic 
performed headspace incubation for 17 minutes 
prior to injection of 2 mL sample headspace. 

The Agilent GC method translator was used to 
optimise oven programs for different flows as 
detailed in Table 1. Optimum velocity (according 
to Van Deemter 1) for hydrogen is 35 cm/sec, but 
in this case was not used due to the resultant low 
inlet pressure. 
 

 Column 
flow 

(mL/min) 

Inlet pressure 

(Psi) 

Run time 

(minutes) 

Velocity 

(cm/sec) 

Oven program 

Method 1 0.5  1.71  6.6  45.51 35 °C (0.36min) ramped 27.5 °C/min to 
160°C, then 41.25°C/min to 190°C then 82.5 
°C/min to 240°C   
(held for 0.36 mins) 

Method 2  0.6  3.27  6.03  50.95 35 °C (0.33min) ramped 30.12 °C/min to 
160°C, then 45.19°C/min to 190°C then 
90.38 °C/min to 240°C   
(held for 0.33 mins) 

Method 3 0.7  4.71  5.59  55.03 35 °C (0.31min) ramped 32.4 °C/min to 
160°C, then 48.8°C/min to 190°C then 97.62 
°C/min to 240°C   
(held for 0.31 mins) 

Method 4 0.8  6.05  5.23  58.83 35 °C (0.29min) ramped 34.79 °C/min to 
160°C , then 52.18°C/min to 190°C then 
104.36 °C/min to 240°C   
(held for 0.29 mins) 

Method 5 0.9  7.31  4.92  62.40 35 °C (0.27min) ramped 36.896 °C/min to 
160°C , then 55.34°C/min to 190°C then 
110.69 °C/min to 240°C   
(held for 0.27 mins) 

 

Table 1: Agilent method translator for VOC methods 
 



3 
 

GC/MS method optimisation  
Due to the difference in the linear velocity for 
helium and hydrogen, and how this effects 
chromatographic resolution, it is recommended to 
use a GC column with a narrower internal 
diameter (if possible, keeping the phase ratio the 
same to obtain equivalent chromatography). In 
this case a DB-624 20M x 0.18 mm x 1 µm film 
thickness was chosen. Spikes were prepared at 
16 µg/L (80%) using the automated prep on the 
MPS and chromatographic method optimisation 
was performed using scan acquisition. 
TIC chromatograms obtained from this 
development work for the methods detailed in 
Table 1, are shown in Figure 1. 
 
METHOD 
GC/MS parameters: 

 
Column: DB-624 20 m x 0.18 mm x 1 μm 
MS acquisition in SIM / Scan mode and 
SIM only were investigated, collecting 
two ions per analyte.This work was 
performed using the Restek Volatiles 
megamix internal standard and surrogate 
mixes (8260).  

Six-point calibrations were prepared in spring 
water at concentrations ranging from 0.1 μg/L 
to 20 μg/L, with internal standards and 
surrogates present at 20 μg/L for all 
calibration levels. Calibration standards were 

prepared using the GERSTEL MPS Robotic, 
by auto-spiking water with the suitable 

volume of working standard solutions. The 
only manual steps were addition of sodium 
sulphate and an aliquot of water to the 20 mL 
vials. 
 
A single batch was run including a calibration 
series (prepared from bottled water), and 
triplicate spikes at the limit of detection (LOD) 
20% and 80% of the calibration range. As 
with the calibration, the MPS Robotic was 
used for the addition of internal standards 
and surrogates for every sample. 
 
RESULTS AND DISCUSSION 

As initial work with SIM/SCAN and the shortest 
method (0.9 mL/min flow, <5 min run time) did 
not give sufficient points across each peak, a SIM 
only method was evaluated as well as a longer 
SIM/Scan method. 

No significant spectral differences were observed 
for the compounds in this study using Hydrogen 
carrier gas compared to Helium (example in 
Figure 2). Retention times for analytes are given 
in Table 2 for the SIM only method.  

Excellent linearity was achieved by auto-spiking 
using the GERSTEL MPS, example calibration 
plots (relative to internal standards) are shown in 
Figure 3.  

Figure 1 : TIC Chromatograms for methods 1-5 
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Figure 4 shows examples of spikes at the LOD 
(0.1 µg/L) and Figure 4 shows a chromatogram 
with all SIM acquisitions. 

 

 

 

 

 

Table 2: Retention times 

Figure 4: Example LOD spikes 

 

Figure 3: Example Calibrations 

Compound 
Helium 
method  

Hydrogen 
method 

Quant 
ion 

(m/z) 

Dichlorodifluoromethane 1.28 0.72 85 
Chloromethane 1.42 0.79 50 
Vinyl chloride 1.51 0.86 62 
Bromomethane 1.78 0.98 96 
Chloroethane 1.83 1.02 64 
Trichlorofluoromethane 2.02 1.11 101 
1,1-dichloroethene 2.34 1.28 96 
Trans-1,2-dichloroethene 2.77 1.51 96 
1,1-dichloroethane 3.0 1.63 63 
Cis-1,2-dichloroethene 3.32 1.80 61 
2,2-dichloropropane 3.33 1.81 77 
Bromochloromethane 3.45 1.87 130 
Chloroform 3.49 1.89 83 
1,1,1,-trichloroethane 3.61 1.96 97 
1,1-dichloropropene 3.70 2.01 75 
Carbon tetrachloride 3.71 2.01 117 
Benzene 3.82 2.07 78 
Trichloroethene 4.18 2.27 130 
1,2-dichloropropane 4.32 2.34 63 
Dibromomethane 4.39 2.38 174 
Bromodichloromethane 4.46 2.42 83 
Cis-1,3-dichloropropene 4.74 2.56 75 
Toluene 4.96 2.68 91 
Trans-1,3-dichloropropene 5.07 2.74 75 
1,1,2-trichloroethane 5.19 2.81 97 
1,3-dichloropropane 5.31 2.87 76 
Tetrachloroethene 5.32 2.88 166 
Dibromochloromethane 5.46 2.96 131 
1,2-dibromoethane 5.55 3.01 109 
Chlorobenzene 5.88 3.18 112 
1,1,1,2-Tetrachloroethane 5.92 3.20 131 
M and p Xylene 6.02 3.26 106 
Ethyl benzene 5.9 3.22 106 
O-Xylene 6.3 3.41 106 
Styrene 6.3 3.41 104 
Bromoform 6.44 3.49 174 
Isopropylbenzene 6.56 3.55 120 
1,1,2,2,-tetrachloroethane 6.75 3.65 83 
1,2,3-trichloropropane 6.79 3.67 110 
Bromobenzene 6.79 3.67 156 
n-propylbenzene 6.85 3.70 120 
1,3,5-trimethylbenzene 6.85 3.70 105 
2-Chlorotoluene 6.92 3.75 126 
4-chlorotoluene 6.99 3.77 126 
t-butylbenzene 7.21 3.90 134 
1,2,4-trimethylbenzene 7.23 3.91 105 
Sec-butylbenzene 7.35 3.98 105 
1,3-dichlorobenzene 7.44 4.02 146 
1,4-dichlorobenzene 7.49 4.06 146 
Isopropyltoluene 7.45 4.03 119 
n-butylbenzene 7.72 4.18 134 
1,2-dichlorobenzene 7.75 4.19 146 
1,2-dibromo-3-Chloropropane 8.22 4.46 157 
1,2,4-trichlorobenzene 8.65 4.73 180 
Hexachlorobutadiene 8.77 4.78 225 
Naphthalene 8.78 4.81 128 
1,2,3-trichlorobenzene 8.90 4.88 180 

 

 
Figure 2: Spectral comparison 
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Selected performance data calculated from a 
single batch are shown in Table 3. Recovery data 
are from samples spiked at 20% (5 µg/L) and 
LODs were calculated using standard deviation 
multiplied by the t-value for 99% confidence 
interval (n=6). This application note demonstrates 
that the Anatune Robotic VOC analyser can be 
adapted for use with Hydrogen carrier gas.   

CONCLUSIONS 

Helium is a finite resource and there have been 
supply chain issues in recent years. This results 
in a high cost for high purity helium cylinders. The 
use of hydrogen as an alternative carrier gas 
offers a cheaper alternative and has the 
additional benefit of being able to be supplied by 
a generator, in some cases removing need for 
gas cylinders al together. Initially more 
background will be seen and systems previously 
running on helium may take a few days to settle. 
Tubing should be replaced if old as hydrogen will 
‘strip’ off substances, causing potential 
contamination problems. This background 
reduces with time along with any initial peak 
tailing observed. 

Source cleaning may be needed much less 
frequently when using Hydrogen as a carrier gas. 

It is important to recognise the differences when 
using hydrogen carrier and to allocate sufficient 
time for method transfer and optimisation.  

REFERENCES 

1.  https://theanalyticalscientist.com/app-
notes/using-hydrogen-as-a-carrier-gas-for-gc 

To discuss the automation of VOC analysis using 
the Anatune solution, please contact us and we 
will be delighted to work with you

 

Figure 4: All SIM Chromatogram of mid-range calibration standard 

Table 3: Performance Data 

Compound Mean 
recovery (%) 

Precision 
(%RSD) LOD 

    
Vinyl chloride 130 4.4 0.04 
Trans-1,2-dichloroethene 128 3.2 0.02 
1,1-dichloroethane 124 4.1 0.01 
Cis-1,2-dichloroethene 124 5.2 0.04 
2,2-dichloropropane 112 7.6 0.02 
Bromochloromethane 123 4.8 0.04 
Chloroform 124 4.8 0.06 
1,1,1,-trichloroethane 114 2.9 0.02 
Carbon tetrachloride 114 2.5 0.01 
Benzene 133 2.4 0.02 
Trichloroethene 131 5.5 0.02 
1,2-dichloropropane 121 3.6 0.01 
Dibromomethane 112 5.1 0.02 
Bromodichloromethane 111 4.1 0.02 
Cis-1,3-dichloropropene 104 5.4 0.11 
Trans-1,3-dichloropropene 118 6.0 0.09 
1,1,2-trichloroethane 106 4.6 0.12 
1,3-dichloropropane 119 4.7 0.03 
1,2-dibromoethane 109 4.4 0.04 
1,1,1,2-Tetrachloroethane 115 3.0 0.01 
Styrene 129 2.3 0.01 
Bromoform 113 4.8 0.06 
1,2,3-trichloropropane 105 5.5 0.06 
Bromobenzene 132 2.7 0.01 
1,4-dichlorobenzene 131 2.1 0.01 
1,2-dichlorobenzene 126 2.5 0.01 
1,2-dibromo-3-Chloropropane 106 5.3 0.08 
1,2,4-trichlorobenzene 129 4.1 0.02 
Hexachlorobutadiene 136 3.3 0.01 
1,2,3-trichlorobenzene 124 5.0 0.02 
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