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Technical Overview

Introduction
With increased price and pressure on the helium (He) market, laboratories are 
looking for a more sustainable alternative to helium and exploring the option of 
hydrogen (H2) carrier gas. The benefits of hydrogen in gas chromatography (GC) 
are widely accepted, as it can be generated in the lab in a cost-effective manner 
and produces fast chromatography and higher sample throughput. Since hydrogen 
is a reactive gas, hydrogenation and dechlorination reactions can and do occur in 
the mass spectrometer electron ionization (EI) source. These reactions can make 
applying hydrogen carrier gas to many applications difficult. A newly designed 
extractor source for the Agilent 5977B Inert Plus GC/MSD and Agilent 7000D/E Inert 
Plus triple quadrupole GC/MS systems address these hydrogen-related issues and 
help improve performance with hydrogen carrier gas in GC/MS and GC/MS/MS. The 
Agilent HydroInert source with H2 carrier gas retains mass spectral fidelity and can 
allow users to continue to use existing helium-based mass spectral libraries. 

Agilent Inert Plus GC/MS System with 
HydroInert Source

Applying H2 carrier gas to real-world GC/MS analyses
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Transitioning from helium 
to hydrogen
Considerations for applying H2 to 
GC/MS analyses have been discussed 
in previous literature.1 These 
considerations, especially the focus on 
GC parameters for optimal separation, 
remain valid with the HydroInert source 
for Inert Plus mass spectrometer 
systems. While helium is the best carrier 
gas for GC/MS, the HydroInert source 
was developed to work with hydrogen 
carrier gas, which is the best alternative 
when helium is not available.

Some of the considerations are 
summarized in a shortened list below:

	– It is highly recommended that 
stainless steel tubing be used with 
H2. If only copper tubing is available, 
install fresh copper lines. A stainless 
steel installation kit of fittings and 
tubing is available under part number 
19199S.

	– Always use gas filters, especially 
with H2 generators. The 
recommendation is to install an 
Agilent big universal trap (for 
moisture, O2, and hydrocarbons) for 
H2 (part number RMSH-2-SS) and 
an Agilent Gas Clean purifier for 
carrier gas (part number CP17976 
for the kit including a base, or part 
number CP17973 for a replacement 
carrier gas filter if you already have 
the base).

	– Decrease inlet temperature when 
working with sensitive compounds, 
or use cold splitless injection with 
multimode inlet, where possible.

	– Hydrogen viscosity is lower than 
helium, causing lower inlet pressures. 
It is advisable to at least:

	– Change column dimensions, or

	– Increase the carrier gas flow rate

	– Optimal carrier gas flows depend on 
the pump, as pumping capacity for 
hydrogen is lower than helium.

	– Optimal range: 0.5 to 1.0 mL/min

	– Maximum recommended flow rate 
for turbo pump: 2.0 mL/min

	– Use constant flow methods.

	– For GC/MS/MS systems running 
hydrogen, no quench gas 
(helium) is used. Please remove 
the helium plumbing from the 
back of the electronics pressure 
control module (EPC) and set the 
quench gas to 0.00 mL/min in any 
GC/MS/MS method.

Changes will be required in most 
cases, and it is necessary to allot time 
for necessary updates to standard 
operating procedures (SOPs) and 
method validation.

HydroInert source
The HydroInert source, shown in 
Figure 1, is a novel source based on 
the Agilent extractor source design. 
The HydroInert source is an easy 
conversion from the existing EI extractor 
or EI Inert Plus sources in both the 
single quadrupole (Agilent 5977B 
or 5977C GC/MSD) and the triple 
quadrupole (Agilent 7000D or 7000E 
triple quadrupole GC/MS) systems. Do 
not mix the HydroInert source parts 
with the extractor source parts; this 
can cause unexpected and unwanted 
results, especially when using hydrogen 
carrier gas.

Figure 1. Agilent HydroInert source. 
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Usually, there would be a note about 
hydrogenation or dechlorination of 
certain compound classes when 
using H2 with GC/MS systems, along 
with a discussion about the need to 
build internal compound libraries or 
understanding that library match scores 
with the NIST or other helium‑based 
libraries may not match well with 
hydrogen mass spectra. However, 
the HydroInert source is more inert to 
H2, and the mass spectra retain their 
normal characteristics observed in He 
mass spectra.

Here is a primary example of the 
benefits of the HydroInert source 
with nitrobenzene. In an experiment 
with an extractor source with a 3 mm 
extraction lens, hydrogen was used as 
the carrier gas for testing semivolatile 
organic compound (SVOC) analysis. 
Nitrobenzene was one of the compounds 
in the mixture (part number SVM‑122‑1). 
Nitro compounds are known to be 
susceptible to hydrogenation when in the 
presence of heat, hydrogen, and metal 
surfaces; all these factors are present in 
the extractor source. Hydrogenation of 
nitrobenzene (molecular weight (MW) 
123 m/z) will form aniline (MW 93 m/z). 
When reviewing the mass spectrum 
under the total ion chromatogram 
(TIC) peak for the extractor source and 
H2 carrier gas, the mass spectrum in 
Figure 2A was observed. There is a large 
abundance of 93 m/z and low 123 m/z, 
indicating conversion of nitrobenzene to 
aniline in the source; this is confirmed to 
occur in the source because the mass 
spectrum is observed at the retention 
time of nitrobenzene, which is well 
separated from aniline.

Figure 2. Mass spectra for peak eluting at nitrobenzene retention time with hydrogen carrier gas in (A) 
extractor source with 3 mm extraction lens showing hydrogenation to aniline with the abundant 93 m/z ion 
and (B) Agilent HydroInert source, showing an improved mass spectrum that correlates to nitrobenzene.

40 60 80 100 120 140 160

40
.0

46
.0

51
.0

51
.0

46
.5

41
.0

65
.0

66
.0

74
.0

77
.0

77
.0

93
.0

93
.0

10
7.

0

10
7.

0

12
3.

0

12
3.

0

A

B

HydroInert

30 40 50 60 70 80 90 100 110 120 130 140 150

Extractor

Mass-to-charge (m/z)

Mass-to-charge (m/z)

0

0.25

0.75

1.00

0.50

0

0.25

0.75

1.00

0.50

N
or

m
al

iz
ed

 a
bu

nd
an

ce
 (a

.u
.)

N
or

m
al

iz
ed

 a
bu

nd
an

ce
 (a

.u
.)

Comparatively, the same mixture 
containing nitrobenzene was tested 
on a HydroInert source (with a 9 mm 
extraction lens), where we observe 
the expected distribution of 123 m/z 
and 93 m/z in the mass spectrum 
(Figure 2B), indicating the nitrobenzene 
is retained in the source and not 
converted to aniline. This comparison 
can also be reviewed in the extracted 

ion chromatograms (EICs) shown 
in Figures 3A (the extractor source 
conversion) and 3B (for HydroInert 
source retention of nitrobenzene), where 
we observe an improved 123/93 ratio 
using the HydroInert source, while the 
extractor source EIC overlay shows 
significant conversion to 93 m/z and 
significant tailing.
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Mass spectral fidelity 
examples
Nitrobenzene is one example of mass 
spectral fidelity occurring with H2 
carrier gas and the HydroInert source. 
Other nitro compounds can also have 
hydrogenation issues in the presence 
of H2, whether the compound is a 
pesticide, SVOC, or other compound 
class. Chlorinated compounds can 
also dechlorinate in the presence of H2 
carrier gas and metal or other active 
sites; dichlorodiphenyltrichloroethane 
(DDT) is a common compound that 
has breakdown issues in GC inlets due 
to heat and active sites, like metal, but 
can also be affected by dechlorination 
in a source in the presence of hydrogen. 
DDT was analyzed by He carrier gas 
and then with H2 carrier gas using the 
extractor source and a pair of columns, 
to match retention times generated from 
the He carrier gas method. Commonly, 
two Agilent J&W HP-5ms Ultra Inert GC 
columns, 15 m × 0.25 mm, 0.25 µm, 
are used for pesticide analysis. For 
hydrogen, the columns were changed 
to two Agilent J&W HP-5ms Ultra Inert 
GC columns, 20 m × 0.18 mm, 0.18 µm, 
to match the retention times and avoid 
having to reset many retention times 
for a method containing hundreds of 
pesticides. Based on the helium results, 
DDT eluted at 13.04 minutes, while 
dichlorodiphenyldichloroethylene (DDE) 
and dichlorodiphenyldichloroethane 
(DDD) eluted earlier at 12.44 and 
12.88 minutes, respectively. Looking 
at the results for H2 carrier gas and 
the extractor source at 13.04 minutes, 
DDD was identified instead of DDT, as 
indicated in Table 1. With the HydroInert 
source and H2 carrier gas, DDT was 
accurately identified at 13.04 minutes, 
with a library match score of 85 
(compared to NIST17.L library). This 
misidentification at 13.04 minutes for 
the extractor source (and hydrogen 
carrier gas) occurred across multiple 
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Figure 3. EICs of nitrobenzene with hydrogen carrier gas in (A) extractor source with 3 mm extraction lens, 
showing hydrogenation to aniline with the abundant 93 m/z ion and (B) Agilent HydroInert source, showing 
an improved 123 versus 93 m/z ratio.

Table 1. Comparison of extractor and Agilent HydroInert sources when using H2 carrier gas for 
identification of DDT and DDT breakdown products.

Source with H2 Carrier Gas Retention Time (min) Identified Compound Library Match Score

Extractor 13.04 DDD 79

HydroInert 13.04 DDT 85
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runs, indicating that DDT was being 
dechlorinated in the source to DDD. In 
both HydroInert and extractor source 
systems, DDE and DDD were also 
identified at their respective retention 
times (12.44 and 12.88 minutes), 
showing that there was <10% DDT 
breakdown occurring in the inlet as well. 
The inlet breakdown was not the focus of 
this testing set; optimizing the injection 
parameters and liner can decrease the 
DDT breakdown, as could lowering inlet 
temperatures or using cold splitless 
injection with a multimode inlet.

Another chlorinated compound example 
can be observed with heptachlor. 
Using the same experimental design 
as nitrobenzene, an extractor source 
with a 3 mm extraction lens was 
installed in a GC/MS single quadrupole 
instrument with H2 carrier gas, which is 
the recommended extraction lens for 
pesticide analysis with He. A mixture of 
pesticides (part number PSM-105-A), 
including heptachlor, was diluted to 
10 ng/µL and a set of deuterated 
polycyclic aromatic hydrocarbons 
(PAHs) was added as internal standards. 
The deconvoluted mass spectrum of 
heptachlor is shown in Figure 4A with 
a head-to-tail comparison with the 
NIST17.L library mass spectrum of 
heptachlor. The most abundant ions 
should be 272, 274, 270, 100, and 65 m/z, 
but Figure 4A and Figure 5A display a 
significant increase in ion abundance 
for the ions around 235 and 237 m/z, 
causing them to be in the top five most 
abundance ions, while the 272 and 274 
m/z are suppressed. Only 272 m/z is 
found in the top five most abundant EICs, 
and 165 m/z has significant contribution 
as an EIC, which should have little-to-
no intensity. Also, two of the five EICs, 
66 and 272 m/z, have different peak 
apices than the other three. This swap in 
higher-abundance regions from the 272 
to 235 m/z region, change in the highest 
abundance ions, and mismatched 
peak apexes indicates dechlorination 

Figure 4. Head-to-tail comparison of deconvoluted mass spectrum (top) to library mass spectrum, 
NIST17.L (bottom) for heptachlor with H2 carrier gas and (A) extractor source with 3 mm extraction lens 
and (B) Agilent HydroInert source with 9 mm extraction lens.
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reactions occurred in the source. 
Comparatively, results for H2 carrier 
gas and the HydroInert source with a 
9 mm extraction lens are shown in the 
extracted mass spectrum in Figure 4B, 
and the top five abundant EICs in Figure 
5B. In Figure 4B, 272 m/z region is higher 
than the 237 m/z region, and there is a 
significant abundance to 100 m/z, like 
the reference library spectrum on the 
bottom of the head‑to‑tail comparison, 
indicating retention of chlorine atoms. 
Additionally, the top five EICs for the 
HydroInert results have aligned peak 
apices and include three of the expected 
ions: 272, 274, and 100 m/z; ions 237 
and 270 m/z are close in abundance with 
237 m/z slightly taller and edging out 
270 m/z to reach the top five EICs. 

Library match 
scores examples
Since the HydroInert source prevents 
compound breakdown, hydrogenation, 
and dechlorination in the presence of 
hydrogen, libraries of mass spectra 
collected with helium can be used with 
the HydroInert source and H2 carrier 
gas. We completed experiments to 
evaluate the use of a large general 
library, such as the NIST library, when 
using He or H2 carrier gas with extractor 
and HydroInert sources, with their 
respective 9 mm extraction lenses, 
as follows: an extractor source with 
He carrier gas, an extractor source 
with H2 carrier gas, and a HydroInert 
source with H2 carrier gas. A mixture 
of SVOCs, pesticides, and fragrance 
compounds was generated with a set 
of six deuterated PAHs at 10 ng/µL to 
run across all three source experiments 
on an Agilent 8890 GC with a 5977 Inert 
Plus single quad mass spectrometer in 
scan mode. The data were loaded into 
Agilent MassHunter Unknowns Analysis 
software and a deconvolution method 
was applied using the NIST17.L library 
to evaluate library match scores (LMS). 
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with 3 mm extraction lens and (B) Agilent HydroInert source with 9 mm extraction lens.
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The helium carrier gas with extractor 
source LMS values in Table 2 are used 
as the baseline values to compare to 
H2 carrier gas with an extractor source 
(center column) or the HydroInert source 
(right column). All the LMS values 
for the HydroInert source are within 
five percentage points of the helium LMS 
values, where some of the LMS values 
for the HydroInert source with H2 are 
better matches to the NIST library, for 
example 4-nitrophenol and benzidine. 
Fifteen of the HydroInert collected LMS 
values are within two percentage points 
of the He collected data and five LMS 
values for HydroInert source are three 
or more percentage points higher than 
the He collected LMS values, such as 
musk ambrette and benzidine. This 
retention of high LMS values with H2 
carrier gas and HydroInert source 
indicates retention of functional groups 
and mass spectral fidelity in the source. 
However, the H2 carrier gas and extractor 
source has 10 compounds with LMS 
values lower by five percentage points 
or more compared to the H2 HydroInert 
LMS values. Some LMS values for the 
extractor source are as low as 70, such 
as benzidine and benzo(b)fluoranthene, 
indicating that hydrogenation or other 
conversions are occurring in the 
extractor source with H2 carrier gas. As 
expected, the chlorinated compounds 
and nitro compounds were affected by 
the H2 carrier gas and extractor source 
with lower library match scores, including 
nitrobenzene (80.9 LMS), 4-nitrophenol 
(83.1 LMS), pentachlorophenol 
(85.4 LMS), fenitrothion (88.3 LMS), 
and musk ketone (89.8 LMS). These 
scores are still relatively high, but as 
concentrations drop and identifications 
become more difficult, the conversion of 
compounds in the source becomes more 
problematic. In summary, HydroInert 
source with H2 carrier gas retains mass 
spectral fidelity and can allow users to 
continue to use existing He-based mass 
spectral libraries.

Reduced source cleaning
One of the advantages observed with 
hydrogen carrier gas is a reduced 
EI source cleaning. This has been 
observed when using Agilent Jet Clean 
self‑cleaning ion source, which 
introduces a low flow of hydrogen into 
the source during or after analysis.2 The 
reduction of source cleaning is also 
observed with the HydroInert source. 
A set of experiments was completed 
to investigate source lifetime using a 
complex soil matrix and Environmental 
Protection Agency (EPA) method 8270 
target analytes and quality control 
criteria to evaluate when the GC or 
MS required maintenance. One set of 
experiments used He carrier gas with an 
extractor source and 9 mm extraction 
lens; the other experiment set used H2 

carrier gas with the HydroInert source 
and 9 mm (HydroInert) extraction lens. 
The He GC/MS system required source 
cleaning after an average of 365 matrix 
injections (581 total injections). For 
the HydroInert source, 5,200 matrix 
injections were completed before 
the source failed acceptance criteria. 
The HydroInert extraction lens and 
repeller were replaced and retuned, 
and the system was able to recover 
to acceptable performance. At this 
time, the HydroInert extraction lens 
and repeller are recommended to be 
replaced if found to be dirty, and method 
criteria cannot be recovered with GC 
maintenance. The extraction lens 
insulator (part number G3870-20445) 
may also be replaced at the same time, 
as the ceramic insulators can become 
dirty over time. 

Table 2. Comparison of LMS for a mixture of SVOCs, pesticides, and fragrance 
compounds using an extractor source with He carrier gas, an extractor source 
with H2 carrier gas, and an Agilent HydroInert source with H2 carrier gas.

Analyte​
Extractor He​

LMS
Extractor H2​

LMS
HydroInert H2​

LMS

Aniline​ 98.6​ 92.3​ 97.7​

1,4-dichlorobenzene-d4​ 96.7​ 94.7​ 97.5​

Nitrobenzene​ 95.7​ 80.9​ 94.3​

Benzoic acid​ 93.3​ 87.7​ 97.2​

Naphthalene-d8​ 96.9​ 93.9​ 97.6​

Acenaphthene-d10​ 98.3​ 97.3​ 97.8​

2,4-dinitrophenol​ 95.6​ 90.6​ 94.8​

4-nitrophenol​ 89.5​ 83.1​ 94.8​

4,6-dinitro-2-methylphenol​ 94.3​ 93.6​ 95.7​

Pentachlorophenol​ 90.7​ 85.4​ 89.1​

4-aminobiphenyl​ 96.9​ 95.8​ 97.9​

Phenanthrene-d10​ 97.7​ 93.3​ 97.2​

Musk ambrette​ 86.6​ 86.3​ 89.5​

Fenitrothion​ 95.6​ 88.3​ 97.0​

Musk ketone​ 95.8​ 89.8​ 98.2​

Benzidine​ 92.6​ 70.1​ 97.5​

3,3'-dichlorobenzidine​ 97.3​ 89.8​ 95.3​

Chrysene-d12​ 96.0​ 84.8​ 93.5​

Benzo[b]fluoranthene​ 97.8​ 70.1​ 98.4​

Benzo[k]fluoranthene​ 97.8​ 96.8​ 98.4​

Perylene-d12​ 94.4​ 79.4​ 93.1​
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Sensitivity
Depending on the application, sensitivity 
is affected by the introduction of H2 
carrier gas, especially when using 
existing MS sources like the extractor 
source. Users tend to see decreased 
signal-to-noise ratios (S/N) and 
potentially reduced linear ranges for 
calibration or higher limits of detection 
(LOD) due to higher background caused 
by hydrogen interactions. With the 
HydroInert source for select applications, 
we have observed increased S/N values 
or abundance for compounds compared 
to the extractor source. For example, 
volatile organic compounds (VOCs) 
were tested in water samples using 

an Agilent 7697A headspace sampler, 
8890 GC, and 5977 Inert Plus GC/MSD 
to compare sensitivity and S/N for the 
extractor source and HydroInert source 
with H2 carrier gas. For two example 
compounds, bromoform and carbon 
tetrachloride, increases in abundance 
and S/N are observed in Figure 6. In the 
same analysis, 1,4-dioxane exhibited 
increased abundance with the HydroInert 
source, but similar S/N to the extractor 
source results (Figure 7). Not every 
compound, matrix, nor analysis will 
have the same or improved results, and 
should be tested in a limited capacity 
before transferring multiple instruments 
to hydrogen.

To probe the sensitivity of the 
HydroInert source with H2 carrier gas, 
octafluoronaphthalene (OFN) at 10 fg/µL 
(part number 5190-0585) was procured 
for GC/MS/MS sensitivity testing. For 
the tandem quadrupole GC/MS/MS 
system, 4 fg is the maximum allowable 
instrument detection limit (IDL), and 
values at 4.0 fg or lower are considered a 
pass. Four data sets of 12 OFN injections 
were completed to evaluate the IDL of 
the HydroInert source with H2 carrier gas 
installed in an 8890 GC and 7000E triple 
quadrupole GC/MS system. The four IDL 
values were 2.1, 4.0, 2.0, and 3.5 fg for an 
average of 2.9 fg IDL, all of which pass 
the criteria.
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Figure 6. Comparison of the Agilent HydroInert source and extractor source EICs for carbon tetrachloride and bromoform when using hydrogen carrier gas with a 
focus on abundance and S/N.
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Tested applications
A set of applications was selected to 
evaluate the HydroInert source with 
H2 GC/MS and GC/MS/MS analyses. 
The following sections highlight the 
results of using H2 carrier gas and 
the HydroInert source for SVOC 
analysis, pesticide analysis, PAHs, 
and others. Based on the testing, 
Table 3 was generated to summarize 

the performance of a HydroInert Inert 
Plus system compared to the normal 
Inert Plus system when using H2 
carrier gas. Results were identified as 
"unacceptable" if the mass spectra had 
changes in ion fragment distribution, 
and misidentification of compounds 
due to breakdown, hydrogenation, or 
dechlorination. Some applications have 
comparable results with respect to mass 
spectral fidelity between the "normal" 

GC/MS system and HydroInert system 
using the respective 9 mm extraction 
lenses, such as hydrocarbon and PAH 
analyses, and were identified as "neutral" 
applications. Applications were identified 
to have "differentiating" results when 
the HydroInert source (in the presence 
of H2 carrier gas) retained mass 
spectral fidelity and compounds were 
identified correctly with a helium library 
as reference.
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Figure 7. Comparison of the Agilent HydroInert source and extractor source EICs for 1,4-dioxane when using hydrogen carrier gas with a focus on abundance 
and S/N.

Table 3. Tested compound classes, including example compounds, with performance abilities for hydrogen carrier gas with a typical 
Inert Plus source and the Agilent HydroInert source. 

Compound Class Example Compound(s)
H2 Carrier Gas + Normal 

GC/MS Source
H2 Carrier Gas + 

HydroInert Source

Nitro Compounds Nitrobenzene, fenitrothion, ethalfluralin Unacceptable Differentiating

Heavily Chlorinated Compounds DDT, Endrin, heptachlor, BHC compounds, pentachlorophenol Unacceptable Differentiating

PAHs Benzo(b)fluoranthene, benzo[g,h,i]perylene, fluoranthene Neutral Neutral

Alkanes >C24 Tetracosane (C24), octatriacontane (C38) Neutral Neutral

Pesticides Deltamethrin, fipronil, permethrin, captan Unacceptable Differentiating

Fragrance/Flavor Compounds Musk ketone, musk ambrette, linalool Unacceptable Differentiating

VOCs 1,4-dioxane, trichloromethane, bromodichloromethane Neutral Differentiating

–	"Unacceptable" was declared when mass spectral infidelity or compound misidentification was observed. 
–	"Neutral" was determined when results were similar across the normal GC/MS system and HydroInert source in the presence of hydrogen 

carrier gas. 
–	"Differentiating" was stated when the HydroInert source retained mass spectral fidelity and compounds were identified correctly with a helium 

library as reference.
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Hydrocarbons
A hydrocarbon "ladder" from n-decane 
(C10) to n-octatriacontane (C38) can 
be used to evaluate cold spots and 
activity in a GC/MS system, where the 
high molecular weight compounds will 
have poor peak shape and significant 
tailing (>2.0), especially when using H2 
carrier gas. Specifically, for comparison 
of existing extractor source to the 
HydroInert source, the tailing factor 
of each straight-chain hydrocarbon 
peak was reviewed to verify that the 
HydroInert source did not exhibit a 
worse peak shape. The HydroInert 
TIC is displayed in Figure 8A and the 
existing extractor source TIC for the 
hydrocarbons is shown in Figure 8B. 
TIC comparison shows significant peak 
tailing for the extractor source with H2 
carrier gas starting at C22 (tailing factor 
of 1.27), increasing to a tailing factor of 
2.1 for C26, and continuing to increase 
up to extreme tailing with C38 (tailing 
factor of 10.2). Meanwhile, the TIC for 
HydroInert source data shows improved 
peak shape with tailing factors ranging 
between 0.6 to 0.9, where ideal tailing 
factor is 1.0. The improved peak shape 
with HydroInert source and H2 carrier gas 
indicates thermal stability and lessened 
activity in the mass spectrometer, 
compared to the existing extractor 
source with H2 carrier gas.

Semivolatile compounds 
analysis: EPA 8270 
and PAHs
The United States EPA method 8270 
(versions 8270D and 8270E) contains a 
list of over 200 compounds suitable for 
analysis by GC/MS in solid waste, soil, 
air, and water extracts.3,4 Method 8270 
contains SVOCs across several analyte 
class types from acids, bases, neutral 
compounds, and PAHs; to understand 
the application range and limit of the 
HydroInert source EPA 8270 analytes 
were tested, due to the wide range of 
compound classes and application 
uses in laboratories. The screening 
mixture in Table 2 is comprised of many 
semivolatile compounds that are found 
in the EPA method 8270 list, which 
shows the retention of expected mass 
spectral fragments with high LMSs when 
compared to a helium sourced library, 
such as NIST. Additionally, Figure 10 

compares the extractor source (top) and 
HydroInert source (bottom) for a mixture 
of 68 SVOCs and PAHs when using H2 
carrier gas and shows excellent peak 
shape and improved peak shape for 
the HydroInert source compared to the 
extractor source.

A critical component of EPA 8270 is 
the tune criteria associated with the ion 
ratios of decafluorotriphenylphosphine 
(DFTPP). EPA method 8270 has been 
tested on the GC/MS/MS system, where 
the etune algorithm is used as the 
recommended tune (this has been noted 
in a previous application note).5 For the 
GC/MS single quadrupole system, the 
DFTPP ion ratio criteria from Table 3 of 
EPA method 8270E and EPA method 
8270D were used to test the HydroInert 
source with H2 carrier gas.3,4 EPA method 
8270D includes more ion ratio criteria 
than EPA 8270E, which reflects the EPA 
525 criteria table. Table 4 summarizes 
the relative abundances of the DFTPP ion 
ratios at 25 ng/µL, the method criteria, 
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Figure 8. TICs of straight-chain hydrocarbons from n-decane (C10) to n-octatriacontane (C38) to visually 
represent the observed tailing (or lack thereof) when using hydrogen carrier gas with the (A) Agilent 
HydroInert source and (B) existing extractor source.
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and if the measured relative abundances 
matched the criteria, where all measured 
relative abundances pass both the 8270E 
and 8270D ion ratio criteria.

There is always concern about sensitivity 
and maintenance of response factors 
(RFs) for both single quadrupole and 
triple quadrupole systems when moving 
an analysis from helium to hydrogen 
carrier gas. Table 5 lists the RFs from 
EPA method 8270E Table 4 (guidance 
criteria), RFs from a GC/MS analysis 
with helium carrier gas, RFs for GC/MS 
analysis with HydroInert source and 
hydrogen carrier gas, and RFs for 
GC/MS/MS analysis with HydroInert 
source and hydrogen carrier gas. All 
test systems used 9 mm extraction 
lenses, respective of the source type (for 
example, the HydroInert source had a 
HydroInert 9 mm extraction lens). The 
RFs from EPA method 8270E Table 4 are 
guidance criteria and not requirements 
to pass the method, but ideally the RFs 
should be similar to these guidance 
values. For the He GC/MS analysis, 
two compounds have RFs below the 
guidance criteria: hexachloroethane 
and N-nitroso-di-n-propylamine. For 
the H2 HydroInert GC/MS analysis, 
five additional compounds have RFs 
below the guidance criteria, where four 
are within 0.1 points. For example, the 
guidance RF criteria for bis(2-chloroethyl)
ether is 0.7 and the H2 HydroInert GC/MS 
RF was 0.6. For the H2 HydroInert 
GC/MS/MS analysis, there were 15 more 
compounds with RF values lower 
than the He GC/MS system, but the 
GC/MS/MS also opens the potential to 
analyze lower concentration levels down 
to 20 pg/µL, when the normal calibration 
range is 100 pg/µL to 100 ng/µL. In 
regards to sensitivity, 96 compounds 
were analyzed in a previous application 
for EPA 8270 with He carrier gas on 
GC/MS.6 Comparing these compounds 
with the same set using the HydroInert 
source and H2 carrier (also GC/MS), 
only five compounds had a smaller 

Table 5. Response Factors (RFs) for select compounds from EPA method 8270E (Table 4 in the EPA 
method)4, GC/MS single quadrupole analysis with He carrier gas, GC/MS single quadrupole analysis with 
Agilent HydroInert source and H2 carrier gas, and GC/MS/MS tandem quadrupole analysis with HydroInert 
source and H2 carrier gas.

Compound

Response Factor 
(RF) from EPA 

Method 8270E4
RF He  

GC/MS
RF H2 HydroInert 

GC/MS
RF H2 HydroInert 

GC/MS/MS

Acenaphthene 0.9 1.3 1.1 0.2

Acenaphthylene 0.9 1.9 1.4 0.1

Acetophenone 0.01 1.2 0.4 1.0

Anthracene 0.7 1.1 1.0 0.9

Benzo(a)anthracene 0.8 1.4 1.5 1.0

Benzo(a)pyrene 0.7 1.2 0.9 0.9

Benzo(b)fluoranthene 0.7 1.4 1.2 1.2

Benzo(g,h,i)perylene 0.5 1.1 1.0 1.3

Benzo(k)fluoranthene 0.7 1.2 1.2 1.3

Bis(2-chloroethoxy)methane 0.3 0.4 0.3 0.7

Bis(2-chloroethyl)ether 0.7 0.8 0.6 0.5

Bis-(2-ethylhexyl)phthalate 0.01 0.8 0.5 0.2

4-Bromophenyl-phenyl ether 0.1 0.3 0.2 0.2

Butyl benzyl phthalate 0.01 0.6 0.3 0.1

4-Chloroaniline 0.01 0.4 0.4 0.6

4-Chloro-3-methylphenol 0.2 0.3 0.2 0.4

2-Chloronaphthalene 0.8 2.4 1.0 0.8

2-Chlorophenol 0.8 0.8 0.7 0.5

4-Chlorophenyl-phenyl ether 0.4 0.7 0.5 0.3

Chrysene 0.7 1.2 1.1 0.4

Dibenz(a,h)anthracene 0.4 1.1 1.0 0.2

Dibenzofuran 0.8 1.7 1.5 1.4

Table 4. DFTPP ions, abundance criteria from EPA method 8270D and 8270E3,4, measured 
relative abundance, and pass/fail of the relative abundance.

Target Mass (m/z) Ion Abundance Criteria Measured Relative Abundance Pass/Fail

51 *10 to 80% of 198 m/z 11.4% Pass

68 <2% of 69 m/z 1.7% Pass

69 Present 27.2% Pass

70 <2% of 69 m/z 1.0% Pass

127 *10 to 80% of 198 m/z 31.1% Pass

197 <2% of 198 m/z 0.1% Pass

198 Base peak or present 
*or >50% of 442 m/z 73.7% Pass

199 5 to 9% of 198 m/z 7.4% Pass

275 10 to 60% of base peak 29.2% Pass

365 >1% of base peak 3.5% Pass

441 <150% of 443 m/z 
*present, but <24% of 442

86.4% 
*16.7% Pass

442 Base peak or present  
 *or >50% of 198 m/z 100% (base peak) Pass

443 15 to 24% of 442 m/z 23.4% Pass

* Denotes EPA method 8270D requirement difference from EPA method 8270E requirement.



12

linear range: hexachlorobutadiene, 
2,6-dinitrotoluene, diethyl 
phthalate, 2,4-dinitrotoluene, and 
pentachlorophenol, where the first three 
were smaller by one concentration 
level, starting at 200 pg/µL instead 
of 100 pg/µL, and 2,4-dinitrotoluene 
calibration range was 0.1 to 75 ng/µL 
for the H2 HydroInert analysis. The 
pentachlorophenol concentration range 
starts at 500 pg/µL with H2 HydroInert 
GC/MS analysis, instead of 100 pg/µL. 
For benzoic acid, HydroInert with H2 
carrier gas exhibited the same calibration 
range from 0.8 to 100 ng/µL, as He 
carrier gas. H2 carrier gas with the 
HydroInert source retains the sensitivity, 
for most of the semivolatile compounds 
tested are normally observed with He 
carrier gas. 

Compound

Response Factor 
(RF) from EPA 

Method 8270E4
RF He  

GC/MS
RF H2 HydroInert 

GC/MS
RF H2 HydroInert 

GC/MS/MS

Di-n-butyl phthalate 0.01 1.3 0.8 0.8

3,3'-Dichlorobenzidine 0.01 0.5 0.4 0.1

2,4-Dichlorophenol 0.2 0.3 0.2 0.4

Diethyl phthalate 0.01 1.4 1.0 0.6

Dimethyl phthalate 0.01 1.4 1.0 0.8

2,4-Dimethylphenol 0.2 0.3 0.3 0.4

4,6-Dinitro-2-methylphenol 0.01 0.2 0.1 0.01

2,4-Dinitrophenol 0.01 0.2 0.1 0.02

2,4-Dinitrotoluene 0.2 0.4 0.2 0.03

2,6-Dinitrotoluene 0.2 0.3 0.2 0.03

Di-n-octyl phthalate 0.01 1.3 0.8 0.4

Fluoranthene 0.6 1.2 1.2 0.4

Fluorene 0.9 1.3 1.2 1.4

Hexachlorobenzene 0.1 0.3 0.3 0.4

Hexachlorobutadiene 0.01 0.2 0.2 0.4

Hexachlorocyclopentadiene 0.05 0.3 0.1 0.03

Hexachloroethane 0.3 0.2 0.1 0.14

Indeno(1,2,3-cd)pyrene 0.5 1.2 1.2 1.0

Isophorone 0.4 0.6 0.4 0.3

2-Methylnaphthalene 0.4 0.7 0.7 1.7

2-Methylphenol 0.7 0.7 0.6 0.5

4-Methylphenol 0.6 1.0 0.3 0.7

Naphthalene 0.7 1.1 1 0.9

2-Nitroaniline 0.01 0.4 0.23 0.05

3-Nitroaniline 0.01 0.3 0.18 0.03

4-Nitroaniline 0.01 0.3 0.21 0.13

Nitrobenzene 0.2 0.3 0.2 0.3

2-Nitrophenol 0.1 0.2 0.11 0.1

4-Nitrophenol 0.01 0.2 0.14 0.05

N-Nitroso-di-n-propylamine 0.5 0.4 0.4 0.03

N-Nitrosodiphenylamine 0.01 2.05 0.9 2.3

2,2'-Oxybis-(1-chloropropane) 0.01 0.45 0.54 0.03

Pentachlorophenol 0.05 0.18 0.1 0.1

Phenanthrene 0.7 1.2 1.1 1.1

Phenol 0.8 0.9 0.7 0.3

Pyrene 0.6 1.3 1.2 0.4

1,2,4,5-Tetrachlorobenzene 0.01 0.38 0.31 0.23

2,3,4,6-Tetrachlorophenol 0.01 0.36 0.17 0.07

2,4,5-Trichlorophenol 0.2 0.3 0.3 0.2

2,4,6-Trichlorophenol 0.2 0.3 0.2 0.2
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As another example of the linear range 
retention, Figure 9 compares the linear 
range for nitrobenzene in He carrier gas 
(Figure 9A, top) and in H2 carrier gas with 
HydroInert source (Figure 9B, bottom). 
The average RF RSD percentages are 
remarkably similar between the He and 
H2 + HydroInert source results at 6.33% 
RSD for He and 6.59% RSD for H2 carrier 
gas and HydroInert source.
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Figure 9. Nitrobenzene linear range (0.1 to 100 ng/µL) collected on a GC/MS system in (A) He and (B) H2 
carrier gas, with Agilent HydroInert source.
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PAHs are a compound class that has 
been transitioned to H2 analysis by 
GC/MS and GC/MS/MS, as they are 
very stable aromatic hydrocarbons.7 
They have also been tested with 
the HydroInert source. In using the 
HydroInert source with H2 carrier gas, 
improved peak shape and resolution 
was observed when compared to an 
extractor source under the same method 
and carrier gas conditions, as shown 
in Figures 10 and 11. This was most 
visible with the later-eluting PAHs, such 
as benzo(b)fluoranthene, benzo(k)
fluoranthene, and benzo(g,h,i)perylene 
(Figure 11).
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Figure 10. Comparison of peak shape and resolution for H2 carrier gas with an extractor source and Agilent HydroInert source for a set of 68 target analytes for 
EPA method 8270 at 50 ng/µL.
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Figure 11. Zoom in of later-eluting PAH region to compare peak shape and resolution of these compounds 
when using H2 carrier gas with an extractor source and Agilent HydroInert source at 50 ng/µL.
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Pesticide analysis 
For pesticide analysis, a midcolumn 
backflush setup in an 8890 GC and 
7000E triple quadrupole GC/MS was 
configured with two HP-5ms Ultra Inert 
GC columns 20 m × 0.18 mm, 0.18 µm, 
connected through an Agilent purged 
Ultimate union (PUU), H2 carrier gas, 
and HydroInert source. This column set 
with H2 carrier gas allowed the usage of 
the Agilent pesticide and environmental 
pollutants (P&EP) multiple reaction 
monitoring (MRM) database for retention 
times and MRM transitions, which was 
originally collected on a 15 × 15 m 
(0.25 mm × 0.25 µm) HP-5ms Ultra Inert 
GC column design with He carrier gas. 
The 20 × 20 m setup was retention‑time 
locked. Multiple sets of pesticide 
standards were tested to evaluate the 
mass spectra of various compound 
classes commonly observed in pesticide 
analysis, like nitro compounds and 
heavily chlorinated compounds. Example 
pesticides from these mixtures include 
deltamethrin, ethalfluralin, fipronil, 
cyfluthrin, permethrin, captan, parathion, 
endrin, and heptachlor. The pesticide 
mixtures were tested with H2 carrier gas 
using an Inert Plus source with a 3 mm 
extraction lens, the recommended lens 
for trace pesticide analysis in He, and 
using a HydroInert source with a 9 mm 
extraction lens. The first round of testing 
used scan mode for acquisition to 
understand if the fragmentation profiles 
were retained for various pesticides 
with H2 carrier gas, if ion abundances 
changes, or new hydrogenation product 
ions were identified in both source cases. 
Ethalfluralin contains two nitro groups 
and a change in the most abundant ions 
are viewed best when overlaying the top 
five EICs; the comparison of sources 
is shown in Figure 12. The five highest 
abundance ions for ethalfluralin, from 
helium collected mass spectrum, are 55, 
276, 56, 316, and 292 m/z. If the nitro 
groups become hydrogenated in the 
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source, the mass spectrum would have 
a significant contribution of 269 m/z, 
which is not a significant ion in the 
reference He mass spectrum. For H2 
carrier gas with extractor source (Inert 
Plus), Figure 12A shows the top five 
abundant ions, which include 269 and 
215 m/z, and indicate hydrogenation in 
the source; there is also rearrangement in 
the most abundant ions, where 55 m/z is 
suppressed to the fourth most abundant 
with an increase in 316 m/z ranking and 
inclusion of 215 m/z, which is a small 
contribution in the normal He spectra. 
Comparatively, Figure 12B of the same 
experiment with the HydroInert source 
has no 269 m/z in the top five abundant 
ions, indicating no hydrogenation. 
Retention of expected ion abundance 
with the HydroInert source in presence of 

H2 allows method developers to use the 
same MRM transitions or selected ion 
monitoring (SIM) ions and would require 
less time in a transition to hydrogen 
carrier gas.

Another example of differences between 
the extractor source and HydroInert 
source with H2 carrier gas is observed 
with deltamethrin. Deltamethrin is one 
of the pesticide compounds with a 
cyano(4-phenoxyphenyl)methyl-2,2-
dimethylcyclopropanecarboxylate 
structure; compounds in this class 
have different functional groups after 
the cyclopropane structure. These 
compounds also share a cleavage point 
at the C–O bond of the ester group 
with a major fragment associated with 
209 m/z, an m-phenoxyphenylacetonitrile 
structure. This 209 m/z fragment 

typically appears in deltamethrin mass 
spectrum, but at lower abundance. 
The deltamethrin results from scan 
acquisition were reviewed in MassHunter 
Unknowns Analysis software, and in 
some cases, deltamethrin was not 
identified at the typical retention time of 
18.17 minutes with the extractor source. 
Instead, m-phenoxyphenylacetonitrile 
was identified, as shown in Figure 13A, 
with a large abundance of 209 m/z and 
no ion abundance at 253 m/z. In some 
other runs with the extractor source, 
deltamethrin was identified (Figure 13B), 
but with LMSs in the 70s range and 
large abundance of 209 m/z. In 
Figure 13C, deltamethrin was identified 
with LMS values between 91 and 94 
and the deconvoluted mass spectrum 
is remarkably similar to the (He) NIST 
library spectrum on the bottom.
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Figure 13. Head-to-tail comparison of deconvoluted mass spectrum (top of each subfigure) to library mass spectrum, NIST17.L (bottom of each subfigure) for 
deltamethrin with H2 carrier gas and (A) extractor source with 3 mm extraction lens run 1, (B) extractor source with 3 mm extraction lens run 2, and C) Agilent 
HydroInert source with 9 mm extraction lens.
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Volatile organic 
compounds (VOCs)
For VOCs, a 6 mm HydroInert extraction 
lens is recommended, but a 9 mm 
HydroInert extraction lens may also be 
an option. A method was developed for 
rapid identification and quantification 
of volatiles at low µg/L levels in water 
samples. The combination of the 
Agilent 8697 headspace sampler, 
8890 GC, and 5977C GC/MSD, when 
using H2 carrier gas and the new 
HydroInert EI source, provides this 
capability for many volatiles in water. 

The headspace approach often provides 
a simpler alternative to purge and trap 
sampling, if local regulations allow it. 
The data in Figure 14 was run in scan 
mode for broad screening with spectral 
confirmation, as it is possible to measure 
lower levels with SIM acquisition of 
selected targets. The identification of 
the four trihalomethanes with their 
expected most abundant ions displays 
the ability of the HydroInert source to 
prevent dehalogenation in the presence 
of H2 carrier gas. Additionally, Table 6 
tabulates the LMSs from comparing the 
deconvoluted spectra to the NIST library. 

The match scores of 80 and higher 
indicate excellent retention of the normal 
fragmentation pattern in H2 carrier 
gas with the HydroInert source, when 
compared to NIST library mass spectra, 
which were collected with He.

Table 6. NIST helium library scores for select 
low-level (µg/L) trihalomethanes analyzed with H2 
carrier gas and the Agilent HydroInert source.

Retention Time 
(minutes)

NIST 
LMS

Trichloromethane 2.107 93

Bromodichloromethane 2.792 86

Dibromochloromethane 3.526 88

Tribromomethane 4.267 80

Time (min)
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+EI EIC(129.0) scan tap with ISTD 1.D 

3.525

2.792

+EI EIC(173.0) scan tap with  ISTD 1.D  

4.264

Trichloromethane 5.1 µg/L

Bromodichloromethane 4.6 µg/L

Dibromochloromethane 5.3 µg/L

Tribromomethane 1.7 µg/L

Figure 14. Extracted ion chromatograms (EICs) of 83, 129, and 173 m/z with identification and quantification of four trihalomethanes when running 
a headspace HS/GC/MS system with H2 carrier gas and the Agilent HydroInert source.
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HydroInert upgrade kits 
and complete source 
assembly
Figure 15 is a broken-out parts diagram 
of an assembled HydroInert source, with 
the HydroInert-specific parts highlighted 
in a purple color (parts 17, 12, 3, 4, 10, 
and 9, if looking from left to right of 
the figure). Additionally, item number 
16, source heater block assembly, is 
specialized for the HydroInert source 
with "H2" etched into the face to 
indicate that the HydroInert source, 
which is compatible with H2 carrier 
gas, is currently installed into a mass 
spectrometer. All other parts in the 
diagram are the same as found in an 
Inert Plus (or extractor) source. Table 7 
contains the parts associated with each 
number in Figure 15. Parts 11, 13, 14, 
and 15 are inserted into the front of the 
heater block and not shown individually 
in this figure. 

HydroInert complete source assembly 
(part number G7078-67930) and 
HydroInert GC/MSD upgrade kit 
(part number 5505-0083) for the existing 
Agilent 5977A extractor GC/MSD and 
Agilent 5977B Inert Plus GC/MSD 
are available. The fully assembled 
source is ready to install into the mass 
spectrometer without having to change 
out parts of an existing source, which 
would be required with the HydroInert 
GC/MSD upgrade kit. All the parts listed 
in Table 8 are included in the HydroInert 
GC/MSD upgrade kit. The HydroInert 
source is not compatible with older 
mass spectrometer models, such as the 
Agilent 5975 Series GC/MSD, nor with 
stainless steel or inert sources. 

1

1

2

2

2

2

7

7

7

7
6

6

16
17 11 12

3 5
4

10
8

9

(Stacked in heater body)
15,14,13,11

Figure 15. Broken-out parts of an assembled Agilent HydroInert source.

Table 7. List of parts in a fully assembled Agilent HydroInert 
source for an Agilent Inert Plus GC/MS system.

Item Number 
(Figure 15) Part Name Part Number

1 Setscrews G3870-20446

2 Screws G3870-20021

3 Extractor source body* G7078-20903

4 Extractor lens–9 mm*  G7078-20909

5 Extractor lens insulator G3870-20445

6 Filament G7005-60061

7 Spring washer 
Flat washer 

3050-1301 
3050-0982

8 Lens insulator G3870-20530

9 Entrance lens* G7078-20904

10 Ion focus lens* G7078-20905

11 Repeller insulator G1099-20133

12 Repeller* G7078-20902

13 Flat washer 3050-0891

14 Belleville spring washer 3050-1301

15 Repeller nut 0535-0071

16 H2 EI heater/sensor assembly* G7078-60910

17 Insert* G7078-20901

* HydroInert-specific parts.
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Table 9. Agilent HydroInert triple quadrupole GC/MS upgrade 
kit for the Agilent 7000C/D/E triple quadrupole mass 
spectrometers, with part numbers and item numbers indicated 
in Figure 15.

Item Number 
(Figure 15) Part Name Part Number

NA HydroInert GC/TQ upgrade 5505-0084

17 Insert* G7078-20901

12 Repeller* G7078-20902

3 Extractor source body* G7078-20903

9** Entrance lens –extended*, ** G7006-60926

10 Ion focus lens* G7078-20905

4 Extractor lens–9 mm* G7078-20909

16 H2 EI heater/sensor assembly* G7078-60910

NA Wire, extractor lens G7000-60827

11 Repeller insulator (x2) G1099-20133

*	 HydroInert-specific parts.
**	The extended entrance lens for the HydroInert MS/MS system is 

longer than the entrance lens of a single quadrupole MS system.

The HydroInert complete source 
assembly (part number G7006-67930) 
and HydroInert triple quadrupole GC/MS 
upgrade kit (part number 5505-0084) 
for the existing Agilent 7000C/D triple 
quadrupole GC/ MS systems are 
available. All the parts listed in Table 9 
are included in the HydroInert triple 
quadrupole GC/MS upgrade kit.  If a user 
already has a 7000C or 7000D Inert Plus 
triple quadrupole GC/MS, a HydroInert 
triple quadrupole GC/MS upgrade kit 
could be purchased that includes the 
HydroInert mass spectrometer parts 
indicated in Figure 15, except the 
entrance lens is an extended entrance 
lens, which is designed specifically for 
the tandem quadrupole systems. 

If multiple sources are kept in the 
laboratory, the HydroInert parts should 
be stored separately from other sources 
and kept with the H2 heater/sensor 
assembly for easy identification that an 
H2-compatible (HydroInert) source is 
installed in the MS system. Additionally, 
the triple quadrupole parts should be 
kept separate from the single quadrupole 
parts as the entrance lenses are different 
lengths and should not be swapped.

Table 8. Agilent HydroInert GC/MSD upgrade kit for the 
Agilent 5977A extractor GC/MSD, Agilent 5977B Inert Plus 
GC/MSD or Agilent 5977C GC/MSD) with part numbers and 
item number indicated in Figure 15.

Item Number 
(Figure 15) Part Name Part Number

NA HydroInert GC/MSD upgrade 5505-0083

17 Insert* G7078-20901

12 Repeller* G7078-20902

3 Extractor source body* G7078-20903

9 Entrance lens* G7078-20904

10 Ion focus lens* G7078-20905

4 Extractor lens– 9mm* G7078-20909

16 H2 EI heater/sensor assembly* G7078-60910

NA Wire, extractor lens G7000-60827

11 Repeller insulator (x2) G1099-20133

* HydroInert-specific parts.
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Conclusion
The Agilent HydroInert source with H2 
carrier gas provides a more sustainable 
alternative to He carrier gas, and helps 
improve performance of H2 carrier gas 
for GC/MS and GC/MS/MS analyses. 
The novel source comes fully assembled 
or as part of an upgrade kit for existing 
GC/MS and GC/MS/MS systems. In 
terms of performance, the HydroInert 
source retains mass spectral fidelity and 
allows users to continue using existing 
helium-based mass spectral libraries.
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Abstract
An Agilent 8890/5977C GC/MSD system coupled with an Agilent 8697 headspace 
sampler was successfully used with hydrogen carrier gas for the analysis of volatile 
organic compounds (VOCs) in drinking water. Recent concerns with the price and 
availability of helium have led laboratories to look for alternative carrier gases for 
their GC/MS methods. For GC/MS, hydrogen is the best alternative to helium, and 
offers potential advantages in terms of chromatographic speed and resolution. 
However, hydrogen is not an inert gas, and may cause chemical reactions in the 
mass spectrometer electron ionization (EI) source. This can lead to disturbed ion 
ratios in the mass spectrum, spectral infidelity, peak tailing, and nonlinear calibration 
for some analytes. Therefore, a new EI source for GC/MS and GC/MS/MS was 
developed, and optimized for use with hydrogen carrier gas. The new source, named 
HydroInert, was used in the system evaluated here. In addition to the new source, 
the chromatographic conditions were optimized to provide separation of 80 volatile 
compounds in 7 minutes. Standards and samples were analyzed in both scan and 
SIM data acquisition modes. For the scan data, spectra were deconvoluted with 
MassHunter Unknowns Analysis software and searched against NIST 20 to assess 
the spectral fidelity. In both modes, quantitative calibration was performed for the 
80 compounds over the range of 0.05 to 25 µg/L. As demonstrated in this note, the 
system gives excellent results for the analysis of VOCs in drinking water.

Volatile Organic Compounds Analysis 
in Drinking Water with Headspace 
GC/MSD Using Hydrogen Carrier Gas 
and HydroInert Source
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Introduction
One of the analyses commonly used to 
ensure that the quality of drinking water 
is the measurement of volatile organic 
compounds (VOCs). These compounds 
can appear in drinking water by 
contamination from numerous sources, 
including industrial and commercial 
operations. Another common source is 
when VOCs are formed by the addition 
of chlorine (used to disinfect the water), 
and react with natural organic matter in 
the source water. Regulations governing 
the allowable concentration of VOCs 
in drinking water vary by country and 
region, but are typically in the low µg/L 
(ppb) range. Due to the large number 
of potential contaminants, and the 
need to measure them at such low 
levels, GC/MS systems are commonly 
used. GC/MS offers both the sensitivity 
and selectivity required to identify and 
quantify VOCs. Purge and trap1 and 
static headspace2,3 are two commonly 
used automated sampling techniques 
that extract the VOC analytes from 
water samples and inject them into the 
GC/MS. This application note describes 
a system configured to perform static 
headspace/GC/MS analysis of VOCs 
in drinking water, optimized for using 
hydrogen as the carrier gas.

The system configured here was 
optimized for hydrogen carrier use, 
employing the following key components 
and techniques:

	– Agilent J&W DB-624 Ultra 
Inert column: The DB-624 UI 
column, 20 m × 0.18 mm, 1 µm 
(part number 121-1324UI) is designed 
to provide high chromatographic 
resolution of VOCs when using 
hydrogen carrier gas. This allowed 
the separation of 80 VOCs in under 
7 minutes.

	– The Agilent Inlet Liner, Ultra 
Inert, splitless, straight 
1 mm id (part number 5190-4047) is 
necessary to connect the transfer line 
from the headspace unit to the GC 
column in the inlet. Use of wider inner 
diameter liners can cause broadening 
of analyte peaks with low split ratios 
like that used here.

	– Pulsed split injection: Pulsed split 
injection is helpful in getting the 
injection bandwidth narrow enough 
to be compatible with the small 
diameter column used here. The 
technique allows a low split ratio, 
such as 21:1 used in this study, to 
maintain sensitivity while providing 
a high split flow during the injection, 
to rapidly sweep the headspace 
sample loop. Rapid sweeping of 
the loop is key to reducing peak 
broadening, especially for the 
earliest-eluting compounds.

	– Agilent HydroInert source with 9 mm 
extractor lens: Because hydrogen 
is used as the carrier gas, the 
HydroInert source4 is used. This new 
EI extractor source was developed 
and optimized for use with hydrogen 
carrier gas, and greatly reduces 
in-source reactions that can cause 
problems with spectral infidelity, peak 
tailing, and nonlinear calibration for 
some analytes like nitrobenzene.

	– Spectral deconvolution with Agilent 
MassHunter Unknowns Analysis 
software: The Agilent Unknowns 
Analysis software uses spectral 
deconvolution to extract clean analyte 
spectra from those of overlapping 
peaks. This results in higher library 
match scores, and greater confidence 
in peak identifications. NIST20 was 
used as the reference library.

	– Addition of salt: The addition of 
salts like sodium chloride or sodium 
sulfate to aqueous headspace 
samples is commonly used to 
increase sensitivity of the analysis. 
The presence of the salt increases 
the amount of a compound that 
partitions into the gas phase. Sodium 
sulfate was chosen for this work. 

Both scan and SIM modes of data 
acquisition were evaluated. Scan 
is useful for confirming the identity 
of found targets, and for identifying 
nontarget compounds. It can also 
be used retrospectively to search for 
compounds that may become of interest 
in the future. SIM has a substantial 
advantage in the signal-to-noise ratio, 
and is preferred where quantitation to 
low levels is required.

Experimental
The Agilent 5977C Inert Plus MSD was 
coupled to the Agilent 8890 GC equipped 
with a multimode inlet (MMI) and an 
Agilent 8697 headspace sampler. A 
HydroInert source (G7078-60930 for the 
fully assembled source with 9 mm lens) 
was used in the MSD, and autotuned 
using the etune tuning algorithm. The 
analytical method used an Agilent Ultra 
Inert straight-through 1.0 mm GC inlet 
liner (part number 5190-4047) and a 
DB‑624 UI column, 20 m × 0.18 mm, 
1 µm (part number 121-1324UI). 
The 8697 Headspace Sampler was 
connected to the GC carrier gas inlet 
line between the GC control pneumatics 
and the GC injection port. A pulsed split 
injection was used with the split ratio set 
to 21:1. 

Eight calibration levels ranging from 
0.05 to 25 µg/L were prepared in water 
by spiking 5 µL of a corresponding 
stock solution (which also included the 
ISTD) into 10.0 mL of water in a 20 mL 
headspace vial. Five grams of anhydrous 
sodium sulfate were weighed into 
each vial before the addition of water 
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and spiking solution. After capping, 
each vial was vortexed vigorously for 
20 seconds, before placement in the 
headspace sampler. The spiking stock 
solutions were prepared in methanol 
using an Agilent 73-compound standard 
(DWM‑525-1), an Agilent six-compound 
gas standard (DWM‑544‑1), and 
an Agilent three‑compound ISTD 
mix (STM-320N-1), containing 
fluorobenzene (internal standard), 
1,2‑dichlorobenzene-d4 (surrogate), and 
BFB (surrogate). The ISTD/surrogate 
mix was added to each calibration stock 
solution at a level to give 5 µg/mL of 
each compound in the water. Agilent 
MassHunter Workstation software was 
used for data acquisition and processing. 
Figure 1 shows the system configuration 
used here. The operating parameters are 
listed in Table 1. 

Agilent 8890 GC

MMI
Inlet 

(Hydrogen)

20 m
DB -624 UI

Agilent 5977C MSD

9 mm Extractor lens

HydroInert 
Source

Heated transfer line

Agilent 8697 HS

65 1
4 3

2

Figure 1. Instrument configuration.

Table 1. Gas chromatograph, mass spectrometer, and headspace sampler parameters for VOCs analysis.

Agilent 8890 GC Parameters

Parameters Setpoints

Inlet Temperature 200 °C

Liner Agilent Ultra Inert inlet liner, splitless, straight,  
1 mm id (p/n 5190-4047)

Carrier Gas Hydrogen

Column Flow 0.95 mL/min constant flow

Injection Mode Pulsed split

Split Ratio 21:1

Pulse Pressure 26 psig until 0.3 min

Septum Purge Flow 3 mL/min

Column Agilent DB-624 Ultra Inert, 20 m × 0.18 mm, 1 µm 
(p/n 121-1324-UI)

Oven Program
35 °C (0.25 min),  
ramp 25 °C/min to 240 °C (0.2 min)  
Run time 8.65 min

Agilent 5977C MSD

MS Source HydroInert Extractor with 9 mm Extractor Lens

MS Tune Etune

MSD Transfer Line Temperature 250 °C

MS Source Temperature 250 °C

MS Quad Temperature 200 °C

Scan Range 35 to 260 Da

Scan Speed A/D samples 4, TID on

EM Gain Factor (Scan mode) 5

SIM Method Dwell Time 10 to 60 ms, varied by time segment to maintain 
minimum cycle time of 6.7 Hz

EM Gain Factor (SIM Mode) 2

Agilent 8697 Headspace Sampler

8697 Loop Size 1 mL

Vial Pressurization Gas Nitrogen

HS Loop Temperature 75 °C

HS Oven Temperature 75 °C

HS Transfer Line Temperature 115 °C

Vial Equilibration 12.00 min

Injection Duration 0.30 min

GC Cycle Time 15.00 min

Vial Size 20 mL

Vial Shaking Level 9, 250 shakes/min with acceleration of 
980 cm/s²

Fill Mode Default

Fill Flow 50

Fill Pressure 10 psi

Pressure Equilibration Time 0.1 min

Postinjection Purge 100 mL/min for 2 min
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Results and discussion

Scan results

Figure 2. Total ion chromatogram (TIC) from the scan analysis of the 25 µg/L standard. The numbers identifying the peaks correspond to the first column in 
Table 2.
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Table 2. Peak identifications, calibration results, and deconvoluted library match scores against NIST20 for the scan analysis. 

Peak 
No. Compound

RT  
(min)

Tgt  
m/z Q1

Avg. RF 
RSD

CF Limit 
Low (µg/L)

CF Limit 
High (µg/L) CF R2 CF

CF 
Weight

Rel. Std. 
Error LMS NIST20

Fluorobenzene [ISTD] 2.425 96 77               97

1 Dichlorodifluoromethane 0.508 85 87 12.5 0.1 25 0.9989 Linear 1/x 17.3 92

2 Chloromethane 0.615 50 52 14.4 0.25 25 0.9977 Linear 1/x 16.2 97

3 Chloroethene 0.698 62 64 18.4 0.05 25 0.9995 Linear 1/x 9 91

4 Bromomethane 0.891 94 96 21.7 1 25 0.9995 Linear 1/x 4.2 96

5 Ethyl Chloride 0.945 64 66 13.6 0.25 25 0.9995 Linear 1/x 6.5 92

6 Trichloromonofluoromethane 1.067 101 103 9.6 0.05 25 0.9994 Linear 1/x 9.6 96

7 Ethyl ether 1.198 74 59 12.8 0.25 25 0.9992 Linear 1/x 11.4 97

8 1,1-Dichloroethene 1.288 61 96 6.7 0.05 25 0.9993 Linear 1/x 7.3 98

9 Acetone 1.317 58 43 112.5 1 25 0.9770 Linear 1/x 22.9 87 *

10 Iodomethane 1.350 142 127 14.6 0.05 25 0.9997 Linear 1/x 7.4 99

11 Carbon disulfide 1.379 76 16.4 0.05 25 0.9997 Linear 1/x 5.7 95

12 Allyl chloride 1.432 76 41 13.9 0.1 25 0.9982 Linear 1/x 17.2 97

13 Methylene chloride 1.478 84 49 5.0 0.1 25 0.9996 Linear 1/x 5.1 97

14 Acrylonitrile 1.572 52 53 16.1 0.5 25 0.9940 Linear 1/x 16.3 90

15 trans-1,2-Dichloroethylene 1.586 61 96 15.9 0.05 25 0.9991 Linear 1/x 17.5 99

16 Methyl tert-butyl ether 1.592 73 57 8.3 0.05 25 0.9991 Linear 1/x 9.6 98

17 1,1-Dichloroethane 1.745 63 65 9.4 0.05 25 0.9998 Linear 1/x 5.2 97

18 cis-1,2-Dichloroethylene 1.966 61 96 7.9 0.05 25 0.9998 Linear 1/x 6.1 95

19 2,2-Dichloropropane 1.969 77 79 3.1 0.5 25 0.9994 Linear 1/x 3.7 80 **

20 Propanenitrile 1.993 54 52 14.5 0.5 25 0.9943 Linear 1/x 16.4 67 *

21 2-Propenoic acid, methyl ester 2.008 55 85 12.2 0.1 25 0.9991 Linear 1/x 8.5 97



5

Peak 
No. Compound

RT  
(min)

Tgt  
m/z Q1

Avg. RF 
RSD

CF Limit 
Low (µg/L)

CF Limit 
High (µg/L) CF R2 CF

CF 
Weight

Rel. Std. 
Error LMS NIST20

22 Methylacrylonitrile 2.052 67 52 4.6 0.5 25 0.9994 Linear 1/x 4.4 95

23 Bromochloromethane 2.059 130 128 15.4 0.1 25 0.9946 Linear 1/x 14.2 97

24 Trichloromethane 2.086 83 85 7.0 0.1 25 0.9989 Linear 1/x 11.5 98

25 Tetrahydrofuran 2.090 72 71 19.1 0.25 25 0.9959 Linear 1/x 10.3 96

26 1,1,1-Trichloroethane 2.168 97 99 14.9 0.05 25 0.9995 Linear 1/x 9.6 98

27 1-Chlorobutane 2.205 56 41 5.1 0.1 25 0.9997 Linear 1/x 6.6 97

28 1,1-Dichloropropene 2.231 75 110 18.5 0.05 25 0.9980 Linear 1/x 13.8 96

29 Carbon Tetrachloride 2.235 117 119 8.7 0.1 25 0.9983 Linear 1/x 9.4 96

30 Benzene 2.315 78 77 10.4 0.05 25 0.9991 Linear 1/x 11.4 94

31 1,2-Dichloroethane 2.316 62 64 15.5 0.05 25 0.9989 Linear 1/x 9.8 98

32 Trichloroethylene 2.577 130 132 18.7 0.1 25 0.9981 Linear 1/x 12.4 99

33 1,2-Dichloropropane 2.671 63 62 10.8 0.1 25 0.9997 Linear 1/x 9 98

34 Methyl methacrylate 2.713 100 69 8.4 0.1 25 0.9991 Linear 1/x 10.5 98

35 Dibromomethane 2.722 174 172 13.6 0.1 25 0.9989 Linear 1/x 18 98

36 Bromodichloromethane 2.785 83 85 14.5 0.1 25 0.9997 Linear 1/x 4.1 98

37 2-Nitropropane 2.883 43 41 19.4 0.5 25 0.9973 Linear 1/x 16.2 93

38 Chloromethyl cyanide 2.887 75 77 51.4 1 25 0.9947 Linear 1/x 9.7 63 *

39 cis-1,3-Dichloropropene 2.985 75 110 12.9 0.1 25 0.9956 Linear 1/x 12.4 98

40 Toluene 3.145 91 92 2.9 0.05 25 0.9995 Linear 1/x 4.3 99

41 trans-1,3-Dichloropropene 3.239 75 110 7.1 0.05 25 0.9963 Linear 1/x 9.3 98

42 Ethyl methacrylate 3.283 69 41 9.6 0.05 25 0.9989 Linear 1/x 10.5 98

43 1,1,2-Trichloroethane 3.328 97 99 11.0 0.1 25 0.9994 Linear 1/x 7.8 98

44 Tetrachloroethylene 3.410 164 166 10.0 0.1 25 0.9991 Linear 1/x 11.3 91

45 1,3-Dichloropropane 3.412 76 78 17.9 0.05 25 0.9978 Linear 1/x 10.7 90

46 Dibromochloromethane 3.524 129 127 6.0 0.1 25 0.9998 Linear 1/x 5.2 98

47 1,2-Dibromoethane 3.585 109 107 6.9 0.25 25 0.9989 Linear 1/x 9.1 99

48 Chlorobenzene 3.835 112 114 8.7 0.05 25 0.9951 Linear 1/x 12.8 99

49 1,1,1,2-Tetrachloroethane 3.875 133 131 10.4 0.1 25 0.9968 Linear 1/x 14.4 96

50 Ethylbenzene 3.892 91 106 5.6 0.05 25 0.9992 Linear 1/x 4.3 98

51 m-Xylene 3.953 91 106 7.7 0.05 25 0.9991 Linear 1/x 4.6 99

52 o-Xylene 4.164 91 106 6.7 0.05 25 0.9995 Linear 1/x 10.8 89

53 Styrene 4.169 104 103 13.0 0.05 25 0.9972 Linear 1/x 8.8 96

54 Tribromomethane 4.266 173 171 14.1 0.1 25 0.9993 Linear 1/x 11.2 99

55 Isopropylbenzene 4.364 105 120 15.9 0.05 25 0.9978 Linear 1/x 6.9 98

56 p-Bromofluorobenzene [SURR] 4.446 174 176               97

57 1,1,2,2-Tetrachloroethane 4.521 83 85 9.4 0.1 25 0.9981 Linear 1/x 12.4 97

58 Bromobenzene 4.530 158 156 11.4 0.1 25 0.9963 Linear 1/x 15.9 97

59 1,2,3-Trichloropropane 4.548 110 112 8.5 0.25 25 0.9960 Linear 1/x 14.7 84

60 trans-1,4-Dichloro-2-butene 4.555 89 88 9.9 0.25 25 0.9985 Linear 1/x 10.7 65 **

61 Propylbenzene 4.592 91 120 8.6 0.05 25 0.9989 Linear 1/x 8.1 98

62 2-Chlorotoluene 4.638 91 126 7.9 0.05 25 0.9993 Linear 1/x 7.3 98

63 Mesitylene 4.692 105 120 11.6 0.05 25 0.9972 Linear 1/x 8 91

64 tert-Butylbenzene 4.876 134 91 17.4 0.25 25 0.9954 Linear 1/x 15.5 97

65 Pentachloroethane 4.881 167 165 13.3 0.1 25 0.9967 Linear 1/x 17.2 86

66 1,2,4-Trimethylbenzene 4.903 105 120 11.8 0.05 25 0.9975 Linear 1/x 8.4 98

67 1-Methylpropyl benzene 5.001 105 134 19.0 0.05 25 0.9955 Linear 1/x 11.9 98
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Initial calibration (ICAL) with 
scan data
The chromatographic parameters 
used in the method resulted in good 
separation of the 80 VOC compounds 
in less than 7 minutes, as shown in 
Figure 2. While there are overlapping 
peaks, their response was measured 
selectively with the quantifier ions 
chosen. Most compounds had sufficient 
response to be measured at or below 
0.1 µg/L, and exhibit very good linearity. 
The average calibration range was 0.16 
to 25 µg/L with an average R2 of 0.9978. 
If necessary, the relative standard error 
(RSE) value was used to guide removal 
of the lowest, and in one case highest, 
calibration points, to achieve an RSE 
value of <20% (except for acetone). 
The average Response Factor RSD 
was <20 for 76 analytes. As expected, 
polar compounds with higher solubility 
in water were the worst performers. 
Acetone is an example, where it also 
had a contamination issue as observed 
in the blank, resulting in poor calibration 
results. A typical example is shown in 
Figure 3, with the lowest calibrator and 
calibration curve for iodomethane. 

Peak 
No. Compound

RT  
(min)

Tgt  
m/z Q1

Avg. RF 
RSD

CF Limit 
Low (µg/L)

CF Limit 
High (µg/L) CF R2 CF

CF 
Weight

Rel. Std. 
Error LMS NIST20

68 1,3-Dichlorobenzene 5.060 146 148 10.8 0.05 25 0.9979 Linear 1/x 13.3 99

69 p-Cymene (4-Isopropyltoluene) 5.086 119 134 9.9 0.05 25 0.9994 Linear 1/x 6.9 97

70 1,4-Dichlorobenzene 5.110 146 148 9.7 0.05 25 0.9979 Linear 1/x 17.2 99

71 1,2-Dichlorobenzene-D4 [SURR] 5.313 152 150               78 **

72 n-Butylbenzene 5.322 91 92 9.5 0.1 25 0.9956 Linear 1/x 12.9 96

73 1,2-Dichlorobenzene 5.325 146 148 12.0 0.05 25 0.9993 Quadratic 1/x 12.6 92

74 Hexachloroethane 5.476 166 164 13.7 0.1 25 0.9979 Linear 1/x 14.4 97

75 1,2-Dibromo-3-chloropropane 5.775 155 75 5.1 0.25 25 0.9982 Linear 1/x 8.2 98

76 Nitrobenzene 5.896 77 51 15.6 1 25 0.9981 Linear 1/x 5.5 94

77 1,2,4-Trichlorobenzene 6.270 180 182 13.5 0.05 10 0.9990 Linear 1/x 15.1 99

78 1,1,2,3,4,4-Hexachlorobuta-1,3-diene 6.380 225 223 8.6 0.05 25 0.9997 Linear 1/x 9.6 91

79 Naphthalene 6.413 128 127 7.1 0.05 25 0.9986 Linear 1/x 11.4 99

80 1,2,3-Trichlorobenzene 6.558 180 182 13.4 0.05 25 0.9942 Linear 1/x 12.5 99

* Library match score lower due to low response of compound. 
** Library match score lower due to overlapping spectra not completely removed by deconvolution.

1.30 1.35 1.40

2.0

2.5

3.0

3.5

4.0

1.352 min.

Iodomethane

Relative concentration

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Re
la

tiv
e 

re
sp

on
se

s

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

y = 0.393997x  + 0.001525
R2 = 0.9997
Avg. RF RSD = 14.594848

×103

Acquisition time (min)

Co
un

ts

A

B

Figure 3. (A) quantifier EIC for iodomethane 0.05 µg/L calibration standard. (B) calibration curve for 
iodomethane from 0.05 µg/L to 25 µg/L.
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Spectral fidelity
The 25 µg/L VOC standard was analyzed 
with the MassHunter Unknowns 
Analysis software, where spectra of the 
compounds were deconvoluted and 
searched against the NIST20 library. As 
seen in Table 2, the library match scores 
(LMS) are excellent, with an average of 
94. There were only six compounds with 
LMS scores below 90, and these were 
due to low response and/or interference 
from overlapping peaks not completely 
removed by deconvolution. Nitrobenzene 
(compound 76 in Table 2) gave a very 
good LMS value of 94. Nitrobenzene 
reacts readily with hydrogen in a 
conventional MS source to produce 

aniline4, resulting in low LMS values 
typically in the 60s. The HydroInert 
source greatly reduces in-source 
reactions with hydrogen, resulting in the 
high LMS value for nitrobenzene. 

Initial calibration with SIM data
The results of the SIM mode calibration 
are listed in Table 3. As expected, 
for most compounds, SIM provided 
excellent calibration linearity and 
measurement at or below 0.05 µg/L. The 
average calibration range was 0.07 to 
24 µg/L, with an average R2 of 0.9990. 
If necessary, the relative standard error 
(RSE) value was used to guide removal 
of the lowest and highest calibration 

points, to achieve an RSE value of <20%, 
and for choosing between a linear or 
quadratic fit. For some compounds, 
a linear fit would meet the <20% RSE 
criteria, but come close to the limit. 
However, use of a quadratic fit would 
significantly improve the RSE. For 
example, tert-butylbenzene had an RSE 
of 18.3 with a linear fit, but changing 
to quadratic lowered the RSE to 8.1. 
Similar improvements were seen with 
some of the other substituted benzenes 
as well. As observed with the scan data 
calibration, the average response factor 
RSD was <20 for 76 analytes.

Table 3. Calibration results, and method detection limits (MDL) using SIM acquisition.

SIM results

Peak 
No. Compound Name

RT  
(min)

Tgt  
m/z Q1

Avg. RF  
RSD

CF Limit 
Low (µg/L)

CF Limit  
High (µg/L) CF R2 CF

CF  
Weight

Rel. Std.  
Error

Conc. for 
MDL

MDL 
(µg/L)

Fluorobenzene [ISTD] 2.425 96 77              

1 Dichlorodifluoromethane 0.508 85 87 15.3 0.05 25 0.9994 Linear 1/x 11.6 0.10 0.011

2 Chloromethane 0.615 50 52 7.3 0.1 25 0.9997 Linear 1/x 8.4 0.10 0.022

3 Chloroethene 0.698 62 64 4.1 0.05 25 0.9998 Linear 1/x 4.7 0.05 0.008

4 Bromomethane 0.891 94 96 4.1 0.05 25 0.9999 Linear 1/x 4.4 0.10 0.029

5 Ethyl Chloride 0.945 64 66 4.5 0.05 25 0.9998 Linear 1/x 4.7 0.05 0.010

6 Trichloromonofluoromethane 1.067 101 103 4.1 0.05 25 0.9997 Linear 1/x 4.3 0.05 0.008

7 Ethyl ether 1.198 74 59 6.4 0.05 25 0.9994 Linear 1/x 11 0.05 0.017

8 1,1-Dichloroethene 1.288 61 96 5.9 0.05 25 0.9996 Linear 1/x 5.3 0.05 0.006

9 Acetone 1.317 58 43 102.2 1 10 0.9994 Linear 1/x 3.5 [cont]

10 Iodomethane 1.350 142 127 3.3 0.05 25 0.9992 Linear 1/x 4.8 0.05 0.006

11 Carbon disulfide 1.379 76 12.6 0.1 25 0.9994 Linear 1/x 4.6 0.05 0.003

12 Allyl chloride 1.432 76 41 4.9 0.05 25 0.9997 Linear 1/x 6.4 0.05 0.014

13 Methylene chloride 1.478 84 49 12.2 0.1 25 0.9999 Linear 1/x 5.2 0.05 0.007

14 Acrylonitrile 1.572 52 53 8.3 0.1 25 0.9999 Linear 1/x 5.4 [0.25]

15 trans-1,2-Dichloroethylene 1.586 61 96 7.1 0.05 25 0.9997 Linear 1/x 5 0.05 0.007

16 Methyl tert-butyl ether 1.592 73 57 4.2 0.05 25 0.9995 Linear 1/x 7.5 0.05 0.003

17 1,1-Dichloroethane 1.745 63 65 3.7 0.05 25 0.9998 Linear 1/x 4.6 0.05 0.003

18 cis-1,2-Dichloroethylene 1.966 61 96 10.1 0.05 25 0.9996 Linear 1/x 7.3 0.05 0.007

19 2,2-Dichloropropane 1.969 77 79 3.6 0.05 25 0.9999 Linear 1/x 4.2 0.10 0.017

20 Propanenitrile 1.993 54 52 5.0 0.25 25 0.9996 Linear 1/x 4.3 [0.25]

21 2-Propenoic acid, methyl ester 2.008 55 85 11.0 0.05 25 0.9996 Linear 1/x 14.8 0.10 0.029

22 Methylacrylonitrile 2.052 67 52 7.0 0.05 25 0.9988 Linear 1/x 11.4 0.10 0.032

23 Bromochloromethane 2.059 130 128 4.2 0.25 25 0.9991 Linear 1/x 3.5 0.10 0.019

24 Trichloromethane 2.086 83 85 12.2 0.25 10 0.9997 Linear 1/x 1.8 0.05 0.011

25 Tetrahydrofuran 2.090 72 71 3.3 0.05 25 0.9999 Linear 1/x 4.2 0.05 0.030
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Peak 
No. Compound Name

RT  
(min)

Tgt  
MZ Q1

Avg. RF  
RSD

CF Limit 
Low (µg/L)

CF Limit  
High (µg/L) CF R2 CF

CF  
Weight

Rel. Std.  
Error

Conc. for 
MDL

MDL 
(µg/L)

26 1,1,1-Trichloroethane 2.168 97 99 4.9 0.05 25 0.9995 Linear 1/x 5.5 0.05 0.007

27 1-Chlorobutane 2.205 56 41 11.7 0.05 25 0.9997 Linear 1/x 7.3 0.05 0.007

28 1,1-Dichloropropene 2.231 75 110 7.3 0.05 25 0.9960 Linear 1/x 16.7 0.05 0.007

29 Carbon Tetrachloride 2.235 117 119 7.5 0.05 25 0.9974 Linear 1/x 13.1 0.05 0.015

30 Benzene 2.315 78 77 4.0 0.05 25 0.9998 Linear 1/x 3.5 0.05 0.004

31 1,2-Dichloroethane 2.316 62 64 3.0 0.05 25 0.9993 Linear 1/x 3.3 0.05 0.005

32 Trichloroethylene 2.577 130 132 5.6 0.05 25 0.9993 Linear 1/x 6.9 0.05 0.006

33 1,2-Dichloropropane 2.671 63 62 4.9 0.05 25 0.9998 Linear 1/x 4.6 0.05 0.011

34 Methyl methacrylate 2.713 100 69 9.4 0.05 25 0.9994 Linear 1/x 10.6 0.05 0.033

35 Dibromomethane 2.722 174 172 5.7 0.05 25 0.9996 Linear 1/x 6.3 0.05 0.009

36 Bromodichloromethane 2.785 83 85 3.0 0.05 25 0.9999 Linear 1/x 3.8 0.05 0.011

37 2-Nitropropane 2.883 43 41 8.9 0.1 25 0.9998 Linear 1/x 8.6 0.10 0.041

38 Chloromethyl cyanide 2.887 75 77 81.1 0.25 25 0.9997 Quadratic 1/x 7.6 [0.25]

39 cis-1,3-Dichloropropene 2.985 75 110 3.8 0.05 10 0.9994 Linear 1/x 3.6 0.05 0.003

40 Toluene 3.145 91 92 5.2 0.05 25 0.9997 Linear 1/x 4 0.05 0.003

41 trans-1,3-Dichloropropene 3.239 75 110 6.3 0.05 25 0.9956 Linear 1/x 12 0.05 0.005

42 Ethyl methacrylate 3.283 69 41 4.6 0.05 25 0.9990 Linear 1/x 4.7 0.05 0.008

43 1,1,2-Trichloroethane 3.328 97 99 5.4 0.05 25 0.9998 Linear 1/x 2.5 0.05 0.034

44 Tetrachloroethylene 3.410 164 166 5.9 0.05 25 0.9994 Linear 1/x 9.9 0.05 0.005

45 1,3-Dichloropropane 3.412 76 78 5.8 0.05 25 0.9988 Linear 1/x 5.7 0.05 0.007

46 Dibromochloromethane 3.524 129 127 4.2 0.05 25 0.9999 Linear 1/x 4.6 0.05 0.008

47 1,2-Dibromoethane 3.585 109 107 8.1 0.05 25 0.9993 Linear 1/x 3.6 0.05 0.005

48 Chlorobenzene 3.835 112 114 6.6 0.05 25 0.9948 Linear 1/x 12.9 0.05 0.002

49 1,1,1,2-Tetrachloroethane 3.875 133 131 5.0 0.05 25 0.9991 Linear 1/x 9.1 0.05 0.007

50 Ethylbenzene 3.892 91 106 5.0 0.05 25 0.9994 Linear 1/x 4.7 0.05 0.005

51 m-Xylene 3.953 91 106 4.6 0.05 25 0.9996 Linear 1/x 4.2 0.05 0.001

52 o-Xylene 4.164 91 106 6.5 0.05 25 0.9999 Linear 1/x 4.9 0.05 0.004

53 Styrene 4.169 104 103 7.1 0.05 25 0.9988 Linear 1/x 6 0.05 0.005

54 Tribromomethane 4.266 173 171 5.4 0.05 25 0.9999 Linear 1/x 4.7 0.05 0.003

55 Isopropylbenzene 4.364 105 120 6.0 0.05 25 0.9981 Linear 1/x 6.2 0.05 0.004

56 p-Bromofluorobenzene [SURR] 4.446 174 176              

57 1,1,2,2-Tetrachloroethane 4.521 83 85 8.0 0.05 25 0.9999 Quadratic 1/x 4.8 0.05 0.006

58 Bromobenzene 4.530 158 156 7.1 0.05 25 0.9998 Linear 1/x 5.4 0.05 0.003

59 1,2,3-Trichloropropane 4.548 110 112 8.2 0.05 25 0.9970 Linear 1/x 12.2 0.05 0.024

60 trans-1,4-Dichloro-2-butene 4.555 89 88 13.0 0.25 25 0.9999 Linear 1/x 2.2 [0.25]

61 Propylbenzene 4.592 91 120 5.4 0.05 25 0.9988 Linear 1/x 5.8 0.05 0.008

62 2-Chlorotoluene 4.638 91 126 4.1 0.05 25 0.9996 Linear 1/x 4.7 0.05 0.006

63 Mesitylene 4.692 105 120 5.9 0.05 25 0.9969 Linear 1/x 8.6 0.05 0.008

64 tert-Butylbenzene 4.876 134 91 10.5 0.05 25 0.9997 Quadratic 1/x 8.1 0.05 0.004

65 pentachloroethane 4.881 167 165 6.6 0.05 25 0.9953 Linear 1/x 6.6 0.05 0.009

66 1,2,4-Trimethylbenzene 4.903 105 120 6.8 0.05 25 0.9985 Linear 1/x 5.3 0.05 0.007

67 1-Methylpropyl benzene 5.001 105 134 5.3 0.05 10 0.9995 Linear 1/x 5.1 0.05 0.004

68 1,3-Dichlorobenzene 5.060 146 148 5.0 0.05 25 0.9990 Linear 1/x 7.6 0.05 0.003

69 p-Cymene (4-Isopropyltoluene) 5.086 119 134 5.1 0.05 25 0.9994 Linear 1/x 8.2 0.05 0.009

70 1,4-Dichlorobenzene 5.110 146 148 5.4 0.05 25 0.9985 Linear 1/x 8.5 0.05 0.004

71 1,2-Dichlorobenzene-D4 [SURR] 5.313 152 150              

72 n-Butylbenzene 5.322 91 92 9.8 0.05 25 0.9997 Quadratic 1/x 6.3 0.05 0.012
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Figure 4 shows a typical example with 
the lowest calibrator and calibration 
curve for iodomethane. The improved 
signal-to-noise ratio provided by SIM, 
relative to that shown in Figure 3, is clear.

Method detection limits
An MDL study was performed after 
completion of the initial calibration. 
Eight trials were performed at the 
lowest level of calibration, 0.05 μg/L. 
The calculated MDLs were obtained 
by applying the formula shown in 
Equation 1. For compounds with 
higher reporting limits, eight trials were 
performed at the concentration of 
0.1 μg/L. Table 3 lists the calculated 
MDLs for 80 VOCs. Six compounds 
had insufficient response, even at the 
0.1 μg/L level, so the lowest calibration 
level used is listed instead in bold 
and square brackets. As noted in 
the scan results, acetone also had a 
contamination issue as observed in 
the blank, resulting in poor calibration 
results. The average MDL for the 
80 compounds was 0.026 µg/L.
Equation 1. Formula for MDL calculations.

MDL = s · t(n – 1, 1 – alpha = 99)  
= s · 2.998

Where:

t(n – 1, 1 – alpha) = t value for the 99% 
confidence level with n – 1 degrees of 
freedom

n = number of trials (8)

s = standard deviation of the eight trials

Peak 
No. Compound Name

RT  
(min)

Tgt  
MZ Q1

Avg. RF  
RSD

CF Limit 
Low (µg/L)

CF Limit  
High (µg/L) CF R2 CF

CF  
Weight

Rel. Std.  
Error

Conc. for 
MDL

MDL 
(µg/L)

73 1,2-Dichlorobenzene 5.325 146 148 5.4 0.05 10 0.9995 Linear 1/x 6.3 0.05 0.003

74 Hexachloroethane 5.476 166 164 5.0 0.05 25 0.9996 Linear 1/x 8.2 0.05 0.008

75 1,2-Dibromo-3-chloropropane 5.775 155 75 15.2 0.05 25 0.9991 Linear 1/x 7.9 0.05 0.017

76 Nitrobenzene 5.896 77 51 8.5 0.25 25 0.9992 Linear 1/x 9.3 [0.25]

77 1,2,4-Trichlorobenzene 6.270 180 182 6.1 0.05 10 0.9996 Linear 1/x 5.5 0.05 0.007

78 1,1,2,3,4,4-Hexachlorobuta-1,3-
diene 6.380 225 223 13.3 0.05 25 0.9996 Linear 1/x 5.9 0.05 0.006

79 Naphthalene 6.413 128 127 7.9 0.05 25 0.9989 Linear 1/x 8.9 0.05 0.003

80 1,2,3-Trichlorobenzene 6.558 180 182 4.0 0.05 10 0.9996 Linear 1/x 4.9 0.05 0.006
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Figure 4. SIM results for iodomethane. (A) quantifier EIC for iodomethane 0.05 µg/L calibration standard. 
(B) calibration curve for iodomethane from 0.05 µg/L to 25 µg/L.
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VOCs found in drinking water
Samples of municipal tap water from 
sources in the state of Pennsylvania 
were analyzed using both the scan 
and SIM methods. Several VOCs were 
identified with MassHunter Unknowns 
Analysis and by searching the 
deconvoluted spectra against the NIST20 
library. The chromatograms from two of 
the samples are shown in Figure 5. The 
concentration of VOCs was determined 
using MassHunter Quantitative Analysis, 
with both the scan and SIM calibrations. 
The results are presented in Table 4.

Trichloromethane, 
bromodichloromethane, 
dibromochloromethane, and 
tribromomethane (collectively known as 
the trihalomethanes) are very common 
in municipal water treated with chlorine 
for disinfection purposes. They are the 
products of reaction between chlorine 
and naturally occurring humic and fulvic 
acids, often present in source water. 
All trihalomethanes were confirmed in 
both samples with precisely matching 
retention times, qualifier ion ratios, 
and, except for tribromomethane, 
with good LMS search results. As 
expected, LMS values decrease with 
decreasing concentration of the 
analyte. The cis-1,2‑dichloroethylene 
and tetrachloroethylene are commonly 
found at trace levels in ground water 
from areas with a history of industrial 
activity. Methyl tert-butyl ether (MTBE) 
was an additive to gasoline several 
years ago, used in response to federal 
mandates requiring specified levels of 
organic oxygen in gasoline. Its use was 
later banned when it began showing 
up in ground water as the result of 
leaking underground storage tanks at 
gasoline stations.

Figure 5. TIC (black) and deconvolution component (green) chromatograms of tap water samples. ISTD is 
shown in red. Top: Sample from Eastern Pennsylvania. Bottom: Sample from Southeastern Pennsylvania.
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Table 4. Results from analysis of tap water samples.

Name
RT  

(min)

Eastern PA Southeastern PA

Scan Scan SIM Scan Scan SIM

LMS  
NIST20

Conc.  
(µg/L)

Conc.  
(µg/L)

LMS  
NIST20

Conc.  
(µg/L)

Conc.  
(µg/L)

Methyl tert-butyl ether 1.592 56 0.08 0.08

cis-1,2-Dichloroethylene 1.968 71 0.19 0.20

Trichloromethane 2.087 98 43.47 44.08 97 21.03 20.90

Bromodichloromethane 2.785 98 21.81 22.07 92 4.82 4.85

Tetrachloroethylene 3.410 0.05

Dibromochloromethane 3.524 98 11.34 10.80 68 0.69 0.69

Tribromomethane 4.266 97 3.97 3.71 0.02
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Figure 6 shows the benefits of using 
both the scan and SIM methods on 
tap water samples. Spectral matching 
provides added confidence in the 
identification of compounds in the water 
samples. The scan data were processed 
in Agilent MassHunter Quantitative 
Unknowns Analysis software, which 
provides streamlined automated 
deconvolution and library searching. 
Previous approaches to processing 
scan data for library searching rely on 
comparing a baseline-subtracted apex 
spectrum of a peak to reference spectra. 
That approach can work well with a 
limited number of peaks, to identify 

when there are no chromatographic 
interferences with the peak. However, 
samples containing significant levels 
of overlapping chromatographic peaks 
can interfere with the process, making 
analyte identification challenging. The 
automated deconvolution and library 
searching in MassHunter Unknowns 
Analysis greatly simplifies the processing 
of spectral data.

Figure 6 shows the extracted SIM 
quantifier ions and deconvoluted 
spectra for four of the seven VOCs 
found in the Eastern PA water sample. 
Dibromochloromethane [A] is confidently 

identified with an RT that precisely 
matches that in the calibration table, 
an acceptable ratio of the qualifier to 
quantifier responses (not shown), and a 
very high library match score. 

As the concentration of an analyte 
decreases, the signal-to-noise ratio 
in the both the spectra and quantifier 
chromatograms also decrease. In 
Figure 6, the spectral information is 
useful down to about 0.1 μg/L. The SIM 
data, which identifies using precise RT 
matching and the ratio of the qualifier 
to quantifier response can be used to 
lower levels.

Figure 6. Quantifier ion extracted chromatograms from the SIM run and corresponding deconvoluted spectra from scan runs of the Eastern PA tap water sample 
(continued on next page).
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Conclusion
 The Agilent 8890/5977C GC/MSD 
system coupled with an Agilent 8697 
headspace sampler was successfully 
used with hydrogen carrier gas for the 
analysis of volatile organic compounds 
(VOCs) in drinking water. While helium 
remains the preferred carrier gas for 
GC/MS, hydrogen has been shown here 
as a viable alternative if problems with 
the price and/or availability of helium 
arise. One of the key components 

contributing to system performance 
is the new HydroInert source, which 
was designed specifically for hydrogen 
use. In addition to the new source, 
chromatographic conditions were 
optimized to provide separation of 80 
volatile compounds in 7 minutes. 

The results of the scan mode evaluation 
demonstrated excellent spectral 
matching against the NIST20 library, 
and excellent calibration linearity with 
an average range of 0.16 to 25 µg/L. 

The results of the SIM mode evaluation 
demonstrated excellent calibration 
linearity with an average range of 0.07 
to 25 µg/L, and an average MDL for 
the 80 compounds of 0.026 µg/L. The 
method described here gives results 
comparable to those observed with 
helium-based headspace methods in 
references 2 and 3.

The utility of the system was then 
demonstrated analyzing municipal tap 
water samples.
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Abstract
Gas chromatography/mass spectrometry (GC/MS) is integral to the analysis of 
semivolatile organic compounds (SVOCs) in environmental matrices. Recent 
pressure on the helium (He) supply has required organizations to actively investigate 
hydrogen (H2) carrier gas, but most GC/MS analyses have reduced sensitivity and 
hydrogenation or dechlorination in the sources. The Agilent HydroInert source 
retains the ability to analyze a wide calibration range (0.1 to 100 µg/mL) and meet 
the U.S. Environmental Protection Agency (EPA) method 8270 calibration criteria 
when using H2 carrier gas.

Analysis of Semivolatile Organic 
Compounds Using Hydrogen Carrier 
Gas and the Agilent HydroInert Source 
by Gas Chromatography/Mass 
Spectrometry
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Introduction
GC/MS is regarded as the select analytical technique for 
the analysis of SVOCs. Governmental regulatory authorities 
have established methods and performance criteria for 
the measurement of SVOCs identified as pollutants in 
environmental and industrial matrices. For example, the U.S. 
EPA method 8270 (versions 8270D and 8270E) contains 
a list of over 200 compounds suitable for analysis by 
GC/MS in solid waste, soil, air, and water extracts.1,2 Method 
8270 contains SVOCs across several analyte class types 
from acids, bases, neutral compounds, and polyaromatic 
hydrocarbons (PAHs); this method also has detailed 
specifications and requirements for the Quantitative Analysis 
of SVOCs. 

The availability of helium (He) has been a concern for several 
years, but interest in transitioning to alternative carrier 
gases, such as hydrogen (H2) has significantly increased 
in recent years. However, existing MS systems have issues 
with hydrogenation of some functional groups, such as 
nitro compounds, or dechlorination of heavily chlorinated 
compounds; these issues would alter the mass spectra of a 
peak in the total ion chromatogram (TIC) and lead to potential 
misidentification of compounds. A newly designed extractor 
source for the Agilent 5977B Inert Plus GC/MSD addresses 
these H2-related issues and helps improve performance with 
H2 carrier gas in GC/MS. The HydroInert source with H2 carrier 
gas retains mass spectral fidelity and can allow users to 
continue to use existing He-based mass spectral libraries and 
quantitative methods.

This application note demonstrates the ability of the 
HydroInert source to allow the use of H2 carrier gas, while 
retaining critical functional groups, such as nitro groups 
and halogens. Retention of mass spectral fidelity is a 
breakthrough for the use of H2 carrier gas with GC/MS 
systems, especially for environmental analyses such as 
EPA method 8270. Also, a method for EPA 8270 has been 
developed that retains similar sensitivity to a He carrier 
gas analysis, which allows for most compounds to be 
calibrated between 0.1 to 100 µg/mL with fewer than 20% of 
compounds requiring linear curve fits.

Experimental
A set of stock standards containing 119 target compounds 
and surrogates was selected to provide a representative 
mixture of acids, bases, and neutral compounds, as well as 
comprising various compound classes, from nitrophenols 
to PAHs. The nine stock standards of target analytes were 
at concentrations of 2,000 µg/mL; part numbers for these 
stock standards are as follows: SVM-160, SVM-121, SVM‑122, 
SVM-123, SVM-124, SVM-125, SVM-126-1, SVM‑127, 
and US-211. Pyridine was diluted from a pure standard 
to 1,000 µg/mL as a working standard. The surrogate 
standard (part number ISM-332) contained six compounds 
at 2,000 µg/mL, indicated in Table 1. An internal standard 
mixture of six deuterated PAHs (part number ISM-560) was 
used for recovery and calibration. The stock standards were 
combined and diluted in dichloromethane to make a working 
standard at 200 μg/mL. The working standard was then 
diluted to form the following nominal concentrations for the 
targets and surrogates for calibration standards: 0.1, 0.2, 
0.5, 0.8, 1, 2, 5, 10, 20, 35, 50, 75, and 100 μg/mL. Internal 
standards were added to each calibration standard at a 
concentration level of 40 μg/mL. Table 1 lists the compounds 
that were used in the study. The compound numbers in 
Table 1 were assigned based on the retention order of the 
targets and surrogates, with the internal standards listed at 
the end of the table out of the retention order.

The tuning standard (part number GCM-150), 
containing a mixture of benzidine, pentachlorophenol, 
4,4’- dichlorodiphenyltrichloroethane (4,4’-DDT), and 
decafluorotriphenylphosphine (DFTPP), was diluted to 
25 μg/mL and used to obtain the MS calibration and 
tuning settings. 

A composite mixture of soils extracted with dichloromethane 
was prepared for EPA method 8270 analysis. The mixture 
was a representative matrix residue that is typically 
encountered in the lab and was procured from Pace Analytical 
(Mt. Juliet, TN). 
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No. Compound No. Compound No. Compound

1 N-Nitrosodimethylamine 43 4-Chloro-3-methylphenol 85 Pentachlorophenol

2 Pyridine 44  2-Methylnaphthalene 86 Pentachloronitrobenzene

3 2-picoline 45 Hexachlorocyclopentadiene 87 Propyzamide

4 N-Nitroso-N-methylethylamine 46 1,2,4,5-Tetrachlorobenzene 88 Dinoseb

5 Methyl methanesulfonate 47 2,4,6-Trichlorophenol 89 Disulfoton

6 2-Fluorophenol 48 2,4,5-Trichlorophenol 90 Phenanthrene

7 N-Nitrosodiethylamine 49 2-Fluorobiphenyl (surrogate) 91 Anthracene

8 Ethyl methanesulfonate 50 2-Chloronaphthalene 92 Methyl parathion

9 Phenol-d6 (surrogate) 51 1-Chloronaphthalene 93 Dibutyl phthalate

10 Phenol 52 2-Nitroaniline 94 Parathion

11 Aniline 53 Dimethyl phthalate 95 4-Nitroquinoline-1-oxide

12 Bis(2-chloroethyl) ether 54 2,6-Dinitrotoluene 96 Fluoranthene

13 2-Chlorophenol 55 Acenaphthylene 97 Benzidine

14 1,3-Dichlorobenzene 56 m-Nitroaniline 98 Pyrene

15 1,4-Dichlorobenzene 57 Acenaphthene 99 Aramite

16 Benzyl alcohol 58 2,4-Dinitrophenol 100 p-Terphenyl-d14 (surrogate)

17 1,2-Dichlorobenzene 59 4-Nitrophenol 101 Aramite II

18 2-Methylphenol (o-cresol) 60 Pentachlorobenzene 102 p-(Dimethylamino)azobenzene

19 Bis(2-chloro-1-methylethyl) ether 61 2,4-Dinitrotoluene 103 Chlorobenzilate

20 1-Nitrosopyrrolidine 62 Dibenzofuran 104 3,3'-Dimethylbenzidine

21 p-Cresol 63 1-Naphthalenamine 105 Benzyl butyl phthalate

22 N-Nitrosodi-n-propylamine 64 2,3,4,6-Tetrachlorophenol 106 3,3'-Dichlorobenzidine

23 Acetophenone 65 2-Naphthalenamine 107 Benz[a]anthracene

24 4-Nitrosomorpholine 66 Diethyl phthalate 108 Chrysene

25 o-Toluidine 67 Thionazin 109 Bis(2-ethylhexyl) phthalate

26 Hexachloroethane 68 Fluorene 110 Di-n-octyl phthalate

27 Nitrobenzene-d5 (surrogate) 69 4-Chlorophenyl phenyl ether 111 7,12-Dimethylbenz[a]anthracene

28 Nitrobenzene 70 5-Nitro-o-toluidine 112 Benzo[b]fluoranthene

29 N-Nitrosopiperidine 71 4-Nitroaniline 113 Benzo[kb]fluoranthene

30 Isophorone 72 2-Methyl, 4,6-dinitrophenol 114 Benzo[a]pyrene

31 2-Nitrophenol 73 Diphenylamine 115 3-Methylcholanthrene

32 2,4-Dimethylphenol 74 Azobenzene 116 Dibenz[a,j]acridine

33 Benzoic acid 75 2,4,6-Tribromophenol 117 Indeno(1,2,3-cd)pyrene

34 Bis(2-chloroethoxy)methane 76 Sulfotep 118 Dibenz[a,h]anthracene

35 2,4-Dichlorophenol 77 Diallate I 119 Benzo[ghi]perylene

36 1,2,4-Trichlorobenzene 78 Diallate II 120 1,4-Dichlorobenzene-d4 (internal standard)

37 Naphthalene 79 Phorate 121 Naphthalene-d8 (internal standard)

38 a,a-Dimethylphenethylamine 80 Phenacetin 122 Acenaphthalene-d10 (internal standard)

39 p-Chloroaniline 81 4-Bromophenyl phenyl ether 123 Phenanthrene-d10 (internal standard)

40 2,6-Dichlorophenol 82 Hexachlorobenzene 124 Chrysene-d12 (internal standard)

41 Hexachlorobutadiene 83 Dimethoate 125 Perylene-d12 (internal standard)

42 N-nitrosodibutylamine 84 4-Aminobiphenyl

Table 1. Target, surrogates, and internal standards.
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Instrumental methods
The Agilent 8890 GC system was configured with an Agilent 
J&W DB-5ms Ultra Inert column (part number 121-5523UI) 
interfaced with an Agilent 5977B Inert Plus MS system with 
an Agilent HydroInert source. Table 2 summarizes the GC/MS 
instrumentation and consumables used in this study. The GC 
and MSD method parameters (Table 3) have been optimized 
to provide a 12-minute method, while retaining the required 
resolution for isomer pairs and following the EPA method 
8270 guidelines for method parameters, such as scan range 
and scan rate. 

Instrumentation

Table 2. GC and MSD instrumentation and consumables.

Parameter Value

GC Agilent 8890 GC system

MS Agilent 5977B Inert Plus GC/MSD 

Source Agilent HydroInert source with 9 mm HydroInert extraction lens

Syringe Agilent Blue Line autosampler syringe, 10 µL, PTFE-tip plunger 
(part number G4513-80203)

Column Agilent DB-5ms Ultra Inert, 20 m × 0.18 mm, 0.36 µm 
(part number 121-5523UI)

Inlet Liner Agilent Ultra Inert inlet liner, split, low pressure drop, glass wool 
(part number 5190-2295)

Instrument conditions

Table 3. GC and MSD instrument conditions.

Parameter Value

Injection Volume 1 μL

Inlet 230 °C 
Split 10:1

Column Temperature Program 40 °C (0 min hold) 
30 °C/min to 320 °C (hold 2 min)

Carrier Gas and Flow Rate H2, 1.2 mL/min constant flow

Transfer Line Temperature 320 °C

Ion Source Temperature 300 °C

Quadrupole Temperature 150 °C

Scan 35 to 500 m/z

Tune etune.u

Gain Factor 0.5

Threshold 0

A/D Samples 4

Method development 
Switching carrier gas from He to H2 introduced several 
challenges for EPA method 8270 analyses with a GC/MS 
single quadrupole instrument. Balance between sensitivity 
changes, inlet pressure and flow rates, and column capacity 
and dimensions must be managed to attain the required 
calibration range of 0.1 to 100 µg/mL for most compounds. 
For example, if the typical EPA method 8270 analysis with He 
carrier gas used a 30 m × 0.25 mm, 0.25 µm DB-5ms Ultra 
Inert column was changed to use a 20 m × 0.18 mm, 0.18 µm 
DB-5ms Ultra Inert column for H2 carrier gas, this 20 m 
column would have ~33% of the 30 m column capacity, 
requiring changes to the injection parameters to avoid 
column overload. However, when a 20:1 split injection was 
used, limitations in sensitivity were observed with issues of 
reaching below 0.5 µg/mL injected concentration (25 ng/mL 
on column); using etune.u did not solve the issue. Another 
investigated method used the 30 m × 0.25 mm, 0.25 µm 
DB‑5ms Ultra Inert column with a pulsed splitless injection 
and 1.5 mL/min flow rate. This method could reach the 
0.1 µg/mL lower-end concentration for most compounds but 
had issue with severely fronting peaks above ~75 µg/mL, 
indicating overload, which also caused an increase in linear 
fits. A pulsed split injection with 10:1 split was tested for 
the 30 m column method with an atune.u tune, but most 
compounds were not detected at 0.1 µg/mL. For the column 
referenced in this work (20 m × 0.18 mm, 0.36 µm DB-5ms 
Ultra Inert), various injection parameters and both atune and 
etune algorithms were tested. The final method parameters 
listed in Table 3 provided the best balance between column 
capacity, sensitivity, and ability to produce calibration 
results in the 0.1 to 100 µg/mL range. While atune would 
be preferred, the lowest concentration tended to end at 
0.2 µg/mL for most of the compounds.
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Results and discussion

Mass spectral fidelity
A major concern with H2 carrier gas is changes in the 
mass spectra of nitro compounds and heavily halogenated 
compounds. In the presence of H2, high temperature, and 
metal surfaces, nitro functional groups are hydrogenated 
to amines, while heavily chlorinated compounds are 
dechlorinated; all these factors are present in the mass 
spectrometer. The following is an example of the benefits of 
the HydroInert source with nitrobenzene. In an experiment 
with an extractor source with a 3 mm extraction lens, H2 
was used as the carrier gas, where nitrobenzene was one 
of the compounds in the mixture (part number SVM-122‑1). 
Hydrogenation of nitrobenzene (molecular weight (MW) 
123 m/z) will form aniline (MW 93 m/z). When reviewing 
the mass spectrum under the TIC peak for the extractor 
source and H2 carrier gas, the mass spectrum in Figure 1A 
was observed. There is a large abundance of 93 m/z and 
low 123 m/z, indicating conversion of nitrobenzene to 
aniline in the source; this is confirmed to occur in the source 
because the mass spectrum is observed at the retention 
time of nitrobenzene, which is well separated from aniline. 
Comparatively, the same mixture containing nitrobenzene 
was tested on a HydroInert source (with a 9 mm extraction 
lens), where we observe the expected distribution of 123 and 
93 m/z in the mass spectrum (Figure 1B), indicating that 
the nitrobenzene is retained in the source and not converted 
to aniline. This comparison can also be reviewed in the 
extracted ion chromatograms (EICs) shown in Figure 2A 
(for the extractor source conversion) and 2B (for HydroInert 
source retention of nitrobenzene), where there is an improved 
123/93 ratio using the HydroInert source, while the extractor 
source EIC overlay shows significant conversion to 93 m/z 
and significant tailing. 
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Figure 1. Mass spectra for peak eluting at nitrobenzene retention time with 
H2 carrier gas in (A) extractor source with 3 mm extraction lens showing 
hydrogenation to aniline with the abundant 93 m/z ion and (B) Agilent 
HydroInert source, showing an improved mass spectrum that correlates to 
nitrobenzene.
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GC/MS tuning mix
A critical component of EPA method 8270 is the tune criteria 
associated with the ion ratios of DFTPP. This method used 
the etune algorithm for the factor of 10 increase in signal to 
balance the split injection. For the GC/MS single quadrupole 
system, the DFTPP ion ratio criteria from Table 3 of EPA 
methods 8270E and 8270D were used to test the HydroInert 
source with H2 carrier gas.1,2 The EPA method 8270D includes 
more ion ratio criteria than EPA 8270E, which reflects the 
EPA 525 criteria table. Table 4 summarizes the relative 
abundances of the DFTPP ion ratios at 25 µg/mL, the method 
criteria, and if the measured relative abundances matched the 
criteria, where all measured relative abundances pass both 
the EPA method 8270E and 8270D ion ratio criteria. 

Table 4. DFTPP ions, abundance criteria from EPA method 8270D 
and 8270E1,2, measured relative abundance, and pass/fail of the 
relative  abundance.

Target Mass 
(m/z) Ion Abundance Criteria

Measured Relative 
Abundance Pass/Fail

51 *10 to 80% of 198 m/z 38.5% Pass

68 <2% of 69 m/z 1.0% Pass

69 Present 36.5% Pass

70 <2% of 69 m/z 0.4% Pass

127 *10 to 80% of 198 m/z 54.4% Pass

197 <2% of 198 m/z 0.0% Pass

198 Base peak or present 
*or >50% of 442 m/z 51.6% Pass

199 5 to 9% of 198 m/z 5.0% Pass

275 10 to 60% of base peak 30.4% Pass

365 >1% of base peak 4.9% Pass

441 <150% of 443 m/z present, 
*but <24% of 442 83.1%, *15.7% Pass

442 Base peak or present 
*or >50% of 198 m/z 100% (base peak) Pass

443 15 to 24% of 442 m/z 18.9% Pass

* Denotes 8270D requirement difference from EPA method 8270E requirement.

There is always concern for inlet and column cleanliness for 
EPA method 8270 to work, no matter the carrier gas; DDT, 
pentachlorophenol, and benzidine are used to track inlet 
breakdown and column health. Increased DDT breakdown 
indicates a need for inlet maintenance, while increasing 
tailing factors of benzidine and pentachlorophenol inform 
the user to trim or change the column. With the introduction 
of H2 carrier gas, users may be worried about increased 
reactions of active compounds, such as DDT, in the inlet; the 
recommendation is to lower the inlet temperature to 230 to 
250 °C or use a temperature-programmable inlet, such as the 
multimode inlet to protect the active compounds, while still 
being able to increase the temperature to 320 °C and drive out 
the PAHs. This study used the most common inlet existing 
in laboratories, the split/splitless inlet, and ran the inlet at 
230 °C.

Reviewing the results of the GC/MS tuning mixture for 
DDT breakdown and compound tailing factors, the DDT 
(%) breakdown was 0.2%, the pentachlorophenol tailing 
factor was 1.2, and the benzidine tailing factor was 1.3. All 
values are within the EPA method 8270 criteria of <20% DDT 
breakdown and tailing factors <2.0.

Calibration criteria
The initial calibration consisted of 13 levels across the 
concentration range of 0.1 to 100 µg/mL for this 12-minute 
method. Figure 3 is a TIC of the target analytes, surrogates, 
and internal standards.
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Figure 2. EICs of nitrobenzene with H2 carrier gas in (A) extractor source 
with 3 mm extraction lens showing hydrogenation to aniline with the 
abundant 93 m/z ion and (B) Agilent HydroInert source, showing an improved 
123 versus 93 m/z ratio.
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Critical pair resolution
With the shorter method time and a different column, critical 
pair resolution above 50% was verified for phenanthrene and 
anthracene (EIC 178 m/z), benz[a]anthracene and chrysene 
(EIC 228 m/z), and benzo(b)fluoranthene and benzo(k)
fluoranthene (EIC 252 m/z). All three isomer pairs are 

shown in Figure 4 at a midlevel concentration of 5 µg/mL; 
phenanthrene and anthracene (Figure 4A) have baseline 
resolution, benz[a]anthracene and chrysene (Figure 4B) are 
nearly baseline-resolved, and benzo(b)fluoranthene and 
benzo(k)fluoranthene (Figure 4C) are over 50% resolved, 
satisfying the EPA method 8270 criteria. 
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Figure 3. TIC of the 20 µg/mL calibration standard containing 119 target analytes and surrogates and six internal standards using H2 carrier gas and the Agilent 
HydroInert source.
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Response factor comparison between hydrogen and 
helium carrier gases
When moving an analysis from He to H2 carrier gas, there 
is always concern about maintenance of response factors 
(RFs) and sensitivity for single quadrupole systems. Table 5 
lists the RFs from EPA method 8270E guidance criteria 
(Table 4); RFs from a GC/MS analysis with He carrier gas 
when using a splitless injection, then a pulsed split injection, 
and RFs for GC/MS analysis with the HydroInert source and 
H2 carrier gas. Since the H2 method uses a split injection, the 
pulsed split injection with He provides a good comparison, 
while the splitless He data is the traditional analysis. The RFs 
from EPA method 8270E (Table 4) are guidance criteria and 
not requirements to pass the method, but ideally the RFs 
should be like these guidance values. For the He (splitless 
injection) GC/MS analysis, two compounds have RFs below 
the guidance criteria: hexachloroethane and N-nitroso-di-n-
propylamine; these compounds’ RFs are also low for the H2 
HydroInert results. For the H2 HydroInert GC/MS analysis, 
five additional compounds have RFs below the guidance 
criteria, where four are within 0.1 points. For example, the 
guidance RF criteria for bis(2-chloroethyl)ether is 0.7 and 
the H2 HydroInert GC/MS RF was 0.6. For the pulsed split He 
GC/MS results, all reported RFs match or are higher than the 
guidance from the EPA, but this data set did not report RFs 
for the seven indicated compounds in Table 5. In total, only 
seven compounds of the 72 listed in Table 5 had RFs lower 
than the EPA guidance for the H2 HydroInert GC/MS results; 
five of these were within 0.1 points of the guidance RF value, 
and the other two RF values were within 0.3 or fewer points of 
the guidance.

Compound

Response Factors

From EPA 
8270E 

He 
GC/MS3

He GC/MS, 
Pulsed Split4

H2 HydroInert 
GC/MS

Acenaphthene 0.9 1.3 1.1 1.1

Acenaphthylene 0.9 1.9 2.0 1.4

Acetophenone 0.01 1.2 -- 0.4

Anthracene 0.7 1.1 1.1 1.0

Benzo(a)anthracene 0.8 1.4 1.3 1.5

Benzo(a)pyrene 0.7 1.2 1.0 0.9

Benzo(b)fluoranthene 0.7 1.4 1.0 1.2

Benzo(g,h,i)perylene 0.5 1.1 1.1 1.0

Benzo(k)fluoranthene 0.7 1.2 1.1 1.2

Bis(2-chloroethoxy)methane 0.3 0.4 0.4 0.3

Bis(2-chloroethyl)ether 0.7 0.8 1.1 0.6

Bis-(2-ethylhexyl)phthalate 0.01 0.8 0.5 0.5

4-Bromophenyl-phenyl ether 0.1 0.3 0.2 0.2

Butyl benzyl phthalate 0.01 0.6 0.5 0.3

4-Chloroaniline 0.01 0.4 0.4 0.4

4-Chloro-3-methylphenol 0.2 0.3 0.2 0.2

2-Chloronaphthalene 0.8 2.4 1.2 1.0

2-Chlorophenol 0.8 0.8 1.2 0.7

4-Chlorophenyl-phenyl ether 0.4 0.7 0.6 0.5

Chrysene 0.7 1.2 1.2 1.1

Dibenz(a,h)anthracene 0.4 1.1 1.0 1.0

Dibenzofuran 0.8 1.7 1.7 1.5

Di-n-butyl phthalate 0.01 1.3 1.2 0.8

3,3'-Dichlorobenzidine 0.01 0.5 -- 0.4

2,4-Dichlorophenol 0.2 0.3 0.3 0.2

Diethyl phthalate 0.01 1.4 1.3 1.0

Dimethyl phthalate 0.01 1.4 1.3 1.0

2,4-Dimethylphenol 0.2 0.3 0.3 0.3

4,6-Dinitro-2-methylphenol 0.01 0.2 -- 0.1

2,4-Dinitrophenol 0.01 0.2 -- 0.1

2,4-Dinitrotoluene 0.2 0.4 0.3 0.2

2,6-Dinitrotoluene 0.2 0.3 0.3 0.2

Di-n-octyl phthalate 0.01 1.3 1.4 0.8

Fluoranthene 0.6 1.2 1.2 1.2

Fluorene 0.9 1.3 1.3 1.2

Hexachlorobenzene 0.1 0.3 0.3 0.3

Hexachlorobutadiene 0.01 0.2 0.2 0.2

Hexachlorocyclopentadiene 0.05 0.3 0.4 0.1

Hexachloroethane 0.3 0.2 0.5 0.1

Indeno(1,2,3-cd)pyrene 0.5 1.2 1.0 1.2

Isophorone 0.4 0.6 0.5 0.4

Table 5. RFs for select compounds from EPA method 8270E (Table 4 in 
the EPA method)2, GC/MS single quadrupole analysis with He carrier gas3, 
GC/MS single quadrupole analysis with He and pulsed split injection4, and 
GC/MS single quadrupole analysis with the Agilent HydroInert source and 
H2 carrier gas.
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Compound

Response Factors

From EPA 
8270E 

He GC/
MS3

He GC/MS, 
Pulsed Split4

H2 HydroInert 
GC/MS

2-Methylnaphthalene 0.4 0.7 0.7 0.7

2-Methylphenol 0.7 0.7 1.0 0.6

4-Methylphenol 0.6 1.0 1.1 0.3

Naphthalene 0.7 1.1 1.0 1.0

2-Nitroaniline 0.01 0.4 0.3 0.2

3-Nitroaniline 0.01 0.3 0.3 0.2

4-Nitroaniline 0.01 0.3 0.3 0.2

Nitrobenzene 0.2 0.3 0.3 0.2

2-Nitrophenol 0.1 0.2 0.2 0.1

4-Nitrophenol 0.01 0.2 -- 0.1

N-Nitroso-di-n-propylamine 0.5 0.4 0.7 0.4

N-Nitrosodiphenylamine 0.01 2.1 0.6 0.9

2,2'-Oxybis-(1-
chloropropane)

0.01 0.5 1.1 0.5

Pentachlorophenol 0.05 0.2 -- 0.1

Phenanthrene 0.7 1.2 1.1 1.1

Phenol 0.8 0.9 1.4 0.7

Pyrene 0.6 1.3 1.3 1.2

1,2,4,5-Tetrachlorobenzene 0.01 0.4 -- 0.3

2,3,4,6-Tetrachlorophenol 0.01 0.4 0.3 0.2

2,4,5-Trichlorophenol 0.2 0.3 0.4 0.3

2,4,6-Trichlorophenol 0.2 0.3 0.4 0.2

Of 119 compounds, 14 compounds required linear fits 
and one quadratic fit was required. Table 6 summarizes 
the calibration results for the 119 target compounds and 
surrogates with average RF %RSD values, and the lowest 
and highest concentration level if the values are different 
from the full calibration range (0.1 to 100 µg/mL). Over 
87% of the compounds pass the calibration criteria with an 
average RF %RSD below 20%. An increase in the number of 
compounds requiring linear fits is predictable since H2 is more 
reactive than He and the inlet is set to a lower temperature to 
avoid formation of hydrochloric acid in the presence of higher 
temperatures and water in the inlet. Use of a multimode inlet 
may result in improved heavy phthalate and PAH results.

Sensitivity loss with H2 carrier gas and existing mass 
spectrometer systems has been well reported. Due to this 
concern, particular attention was paid to the calibration range 
and verifying that most compounds were able to achieve 
the same calibration range as previous He analyses. On 
the topic of sensitivity, 96 compounds were analyzed in a 
previous application for EPA method 8270 with He carrier 
gas on GC/MS.3 Comparing these compounds with the same 
set using the HydroInert source and H2 carrier gas (also 
GC/MS), 15 compounds have a narrower calibration range, 
where six compounds are only narrower by one concentration 
level starting at 200 ng/mL instead of 100 ng/mL, and 
four compounds start at 500 ng/mL. For benzoic acid, the 
HydroInert source with H2 carrier as has the same calibration 
range of 0.8 to 100 µg/mL, as observed with He carrier gas on 
a GC/MS; 2,4- dinitrophenol also retained passing calibration 
criteria with a linear fit for the range of 0.5 to 100 µg/mL with 
H2 and the HydroInert source. Pentachlorophenol also had 
matched calibration ranges between the He and H2 results of 
0.5 to 100 µg/mL, but the H2 data required a linear fit. On the 
positive side, some compounds had wider calibration ranges 
with H2 and the HydroInert source, such as 4-nitrophenol 
and 2-methyl-4,6-dinitrophenol, which each included an 
extra calibration level of 100 and 200 ng/mL, respectively. 
Also, these two compounds did not require linear curve 
fits, but passed calibration criteria with average RF %RSD 
values of 18.7% for 4-nitrophenol and 19.7% for 2-methyl-4,6 
dinitrophenol. In total, 24 compounds out of 119 had narrower 
calibration ranges than the default of 0.1 to 100 µg/mL. 
The use of H2 carrier gas with the HydroInert source retains 
the sensitivity range for over 84% of the previously tested 
96 SVOCs. 

Calibration results
A multipoint calibration was performed with the maximum of 
13 concentration levels and the relative RF was determined 
for each compound and calibration level. The mean RF was 
calculated to build the calibration curve of each compound 
along with the relative standard deviation (RSD). The average 
RF %RSD must be <20%, which is the preferred passing 
criteria; if not achievable with at least six calibration levels, an 
R2 value >0.990 is required for a linear curve fit, or a quadratic 
fit may be used. Accuracy for the lowest data point must be 
within 30% of estimated concentration with a minimum of 
six points for the curve fit. Results for the initial calibration 
using H2 carrier gas and the HydroInert source can be found 
in Table 6. 
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Name
Retention Time 

(min) Average RF 
Average RF 

%RSD Curve Fit R2 Curve Fit

Low Standard 
(µg/mL)

High Standard 
(µg/mL)

Default is 0.1 to 100 µg/mL

N-Nitrosodimethylamine 1.339 0.273 7.41     

Pyridine 1.372 0.459 15.39   0.5  

2-Picoline 1.705 0.561 5.89     

N-Nitroso-N-methylethylamine 1.741 0.232 7.23     

Methyl methanesulfonate 1.890 0.256 15.04     

 2-Fluorophenol 1.983 0.568 5.20     

N-Nitroso-N-diethylamine 2.120 0.258 7.13     

Ethyl methanesulfonate 2.286 0.374 13.02     

Phenol-d6 2.532 0.667 4.93     

Phenol 2.541 0.664 6.32     

Aniline 2.583 0.968 7.50     

Bis(2-chloroethyl) ether 2.617 0.616 10.72     

2-Chlorophenol 2.665 0.661 8.50     

1,3-Dichlorobenzene 2.774 0.773 6.96     

1,4-Dichlorobenzene 2.825 0.804 7.53     

Benzyl alcohol 2.892 0.442 12.90     

1,2-Dichlorobenzene 2.931 0.756 7.53     

2-Methylphenol (o-cresol) 2.965 0.559 9.73     

Bis(2-chloro-1-methylethyl) ether 2.998 0.545 11.21     

1-Nitrosopyrrolidine 3.068 0.260 6.02     

p-Cresol 3.074 0.333 7.00     

N-Nitrosodi-n-propylamine 3.089 0.370 12.94     

Acetophenone 3.092 0.445 6.48     

4-Nitrosomorpholine 3.095 0.107 8.43     

o-Toluidine 3.116 0.487 8.39     

Hexachloroethane 3.180 0.112 8.62     

Nitrobenzene-d5 3.201 0.097 10.05     

Nitrobenzene 3.216 0.197 6.59     

Nitrosopiperidine 3.325 0.132 8.87     

Isophorone 3.395 0.433 7.86     

2-Nitrophenol 3.455 0.112 11.43     

2,4-Dimethylphenol 3.480 0.295 6.34     

Benzoic acid 3.519 0.117  0.9946 Linear 0.8  

Bis(2-chloroethoxy)methane 3.558 0.345 8.69     

2,4-Dichlorophenol 3.637 0.243 13.22     

1,2,4-Trichlorobenzene 3.710 0.356 10.34     

Naphthalene 3.773 0.978 8.27     

a,a-Dimethylphenethylamine 3.782 0.360  0.9976 Linear 0.2  

4-Chloroaniline 3.807 0.401 8.01     

2,6-Dichlorophenol 3.816 0.232 16.62     

Hexachlorobutadiene 3.873 0.177 19.36     

Table 6. Initial calibration results for 119 target compounds and surrogates for H2 carrier gas and the Agilent HydroInert source for 
EPA method 8270.
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Name
Retention Time 

(min) Average RF 
Average RF 

%RSD Curve Fit R2 Curve Fit

Low Standard 
(µg/mL)

High Standard 
(µg/mL)

Default is 0.1 to 100 µg/mL

N-Nitrosobutylamine 4.079 0.172 9.34   0.2  

4-Chloro-3-methylphenol 4.185 0.204 10.56     

 2-Methylnaphthalene 4.321 0.656 6.20     

Hexachlorocyclopentadiene 4.455 0.136  0.9928 Linear   

1,2,4,5-Tetrachlorobenzene 4.458 0.308 19.22     

2,4,6-Trichlorophenol 4.545 0.241 13.05     

2,4,5-Trichlorophenol 4.570 0.288 13.13     

2-Fluorobiphenyl 4.618 0.613 9.30     

1-Chloronaphthalene 4.715 1.018 9.32     

2-Chloronaphthalene 4.733 1.003 9.15     

2-Nitroaniline 4.791 0.226 14.72     

Dimethyl phthalate 4.948 1.005 10.34     

2,6-Dinitrotoluene 4.994 0.153 17.84   0.2  

Acenaphthylene 5.051 1.362 9.04     

m-Nitroaniline 5.124 0.178 10.30     

Acenaphthene 5.196 1.083 9.75     

2,4-Dinitrophenol 5.212 0.074 15.34   0.5  

4-Nitrophenol 5.260 0.143 18.74     

Pentachlorobenzene 5.305 0.428 14.62     

2,4-Dinitrotoluene 5.321 0.200 16.37    75

Dibenzofuran 5.339 1.486 9.57     

1-Naphthylamine 5.396 0.655 19.57     

2,3,4,6-Tetrachlorophenol 5.436 0.177  0.9912 Linear 0.5  

2-Naphthylamine 5.463 0.908 8.77     

Diethyl Phthalate 5.536 0.978 12.37   0.2  

Thionazin 5.599 0.142 16.65     

Fluorene 5.620 1.242 9.88     

5-Nitro-o-toluidine 5.623 0.209 19.75     

4-Chlorophenyl phenyl ether 5.623 0.530 15.50     

4-Nitroaniline 5.626 0.206  0.9943 Linear 0.2  

2-Methyl, 4,6-dinitrophenol 5.654 0.098 19.68   0.2  

Diphenylamine 5.717 0.943 9.95     

Azobenzene 5.754 0.397 5.84     

2,4,6-Tribromophenol 5.814 0.083 19.91     

Sulfotep 5.863 0.082  0.9976 Quadratic 0.2  

Diallate I 5.963 0.144 7.38     

Phorate 5.969 0.210 11.43     

Phenacetin 5.972 0.224 12.11     

4-Bromophenyl phenyl ether 6.026 0.197 8.23     

Diallate II 6.038 0.050 10.31     

Hexachlorobenzene 6.072 0.245 16.95     

Dimethoate 6.099 0.141 16.58     

4-Aminobiphenyl 6.235 0.611 10.94     
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Name
Retention Time 

(min) Average RF 
Average RF 

%RSD Curve Fit R2 Curve Fit

Low Standard 
(µg/mL)

High Standard 
(µg/mL)

Default is 0.1 to 100 µg/mL

Pentachlorophenol 6.235 0.101  0.9911 Linear 0.5  

Pentachloronitrobenzene 6.247 0.054 19.27   0.5  

Propyzamide 6.293 0.204 14.45     

Dinoseb 6.390 0.089 19.44     

Disulfoton 6.402 0.317  0.9966 Linear 0.5  

Phenanthrene 6.411 1.091 14.31     

Anthracene 6.453 1.009 11.90     

Methyl parathion 6.708 0.124 10.22     

Dibutyl phthalate 6.889 0.840 16.44     

Parathion 7.032 0.089 12.62     

4-Nitroquinoline-1-oxide 7.044 0.064 19.82     

Fluoranthene 7.395 1.188 8.54     

Benzidine 7.504 0.544 9.47     

Pyrene 7.580 1.207 8.59     

Aramite 7.710 0.044 18.03   0.2  

p-Terphenyl-d14 7.716 0.422 14.16     

Aramite II 7.770 0.044 12.41   0.2  

p-(Dimethylamino)azobenzene 7.834 0.195  0.9919 Linear 0.5  

Chlorobenzilate 7.876 0.294 10.53     

3,3'-Dimethylbenzidine 8.107 0.466 17.39     

Benzyl butyl phthalate 8.128 0.343  0.9926 Linear 0.5  

3,3'-Dichlorobenzidine 8.549 0.364  0.9939 Linear 0.5  

Benz[a]anthracene 8.570 1.443  0.9985 Linear 0.2  

Chrysene 8.600 1.047 11.58     

Bis(2-ethylhexyl) phthalate 8.612 0.502 17.43     

Di-n-octyl phthalate 9.118 0.832 16.61     

7,12-Dimethylbenz[a]anthracene 9.397 0.376  0.9947 Linear 0.8  

Benzo[b]fluoranthene 9.400 1.198 17.62     

Benzo[k]fluoranthene 9.421 1.170 16.60     

Benzo[a]pyrene 9.657 0.874 17.50     

3-Methylcholanthrene 9.954 0.328  0.9905 Linear 0.8  

Dibenz[a,j]acridine 10.523 0.594  0.9908 Linear 0.8  

Indeno(1,2,3-cd)pyrene 10.720 1.210 19.76     

Dibenz[a,h]anthracene 10.738 1.016 19.11     

Benzo[ghi]perylene 11.020 1.024 17.29     
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As an example of full calibration range retention, Figure 5 
compares the linear range for nitrobenzene in He carrier gas 
(Figure 5A), and in H2 carrier gas with the HydroInert source 
(Figure 5B). The average RF %RSDs are remarkably similar 
between the results for He carrier gas and H2 carrier gas with 
the HydroInert source, at 6.33% RSD for He carrier gas, and 
6.59% RSD for H2 carrier gas and the HydroInert source. The 
qualifiers and raw spectrum for nitrobenzene in this data set 
can be reviewed to verify consistent mass spectra and ion 
fragment ratios for the HydroInert source with H2 carrier gas. 
Figure 6 shows (A) the nitrobenzene base peak EIC, (B) an 
overlay of the base peak and qualifier EICs, and (C) the raw 

mass spectrum, at calibration level 8 (10 µg/mL). In Figure 6B, 
the qualifier EICs are scaled to match height, but the ratios 
between the qualifier ion and base peak are indicated in the 
upper left of the figure and the accuracy of the ratio to the 
quantitative method reference ratios. The reference ratio of 
93 to 77 m/z for this quantitative method is 31; Figure 6B ratio 
of 93/77 was 35.1, which is within 20% of the expected ratio, 
and significant conversion of nitrobenzene to aniline was 
not observed. The retention of nitrobenzene and avoidance 
of hydrogenation is also shown in the raw spectrum of 
Figure 6C, where 93 m/z is not taller than 123 nor 77 m/z.

H2 + HydroInert

Helium

A

B

-0.5

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

y = 0.197002x
R2 = 0.9943
Avg. RF RSD = 6.592328

Concentration (µg/mL)
-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105

- 0.5
0

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0

y = 0.007241x
R2 = 0.9998
Avg. RF RSD = 6.333252

Concentration (µg/mL)
-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105

Re
la

tiv
e 

re
sp

on
se

 (a
bu

nd
an

ce
 u

ni
ts

)
Re

la
tiv

e 
re

sp
on

se
 (a

bu
nd

an
ce

 u
ni

ts
)

×10–1

×10–1

Figure 5. Nitrobenzene linear range (0.1 to 100 µg/mL) collected on a GC/MS system in (A) He and in (B) H2 carrier gas with the Agilent HydroInert source.
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Repeatability in soil matrix 
The large EPA method 8270 mixture of compounds was also 
diluted to a concentration of 15 µg/mL to act as a calibration 
verification standard, since 15 µg/mL was not a calibration 
point. To test the repeatability of the HydroInert source in 
GC/MS with H2 carrier gas, the standard was sandwich 
injected with 1 µL of a composite soil matrix to simulate a 
spiked matrix sample. This injection was repeated nine times. 
Table 7 contains the following data for each compound: 
average calculated concentration of the nine replicates of 
15 µg/mL calibration verification in soil matrix and the %RSD 
for the nine replicate injections in soil matrix. Looking at the 
average calculated concentration of the 15 µg/mL sample 
in matrix, only two compounds are identified outside of the 
±20% range for a calibration verification, which are both 
reported as lower concetrations: 5-nitro-o-toluidine and 
dibutyl phthalate. The two compounds are within 25% of the 
15 µg/mL spike value, and the matrix may be causing a small 
amount of signal suppression. The %RSD for the replicate 
injections in soil matrix are all below 7% RSD, indicating that 
the method is robust and consistent.
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Figure 6. Nitrobenzene compound information for the 10 µg/mL standard; 
(A) extracted ion chromatogram (EIC 77 m/z) of the base peak; (B) overlay 
of base peak (77 m/z) and top three qualifier EICs (123, 55, 93 m/z); (C) raw 
mass spectrum for nitrobenzene peak at 3.216 minutes.

Name 

Average Calculated 
Concentration in Matrix of 

15 µg/mL Spike
%RSD of 

Nine Replicates 

N-Nitrosodimethylamine 15.6 2.21% 

Pyridine 17.6 3.16% 

2-Picoline 14.9 1.35% 

N-Nitroso-N-methylethylamine 15.8 1.26% 

Methyl methanesulfonate 15.0 2.05% 

 2-Fluorophenol 15.9 1.82% 

N-Nitroso-N-diethylamine 15.6 2.53% 

Ethyl methanesulfonate 15.0 2.14% 

Phenol-d6 15.6 1.91% 

Phenol 15.1 1.00% 

Aniline 15.7 1.62% 

Bis(2-chloroethyl) ether 15.0 1.49% 

2-Chlorophenol 15.1 1.54% 

1,3-Dichlorobenzene 15.0 1.11% 

1,4-Dichlorobenzene 14.4 1.31% 

Benzyl alcohol 15.2 2.39% 

1,2-Dichlorobenzene 15.3 1.86% 

2-Methylphenol (o-cresol) 15.6 1.43% 

Bis(2-chloro-1-methylethyl) ether 14.4 1.91% 

1-Nitrosopyrrolidine 14.9 2.73% 

p-Cresol 14.2 1.08% 

N-Nitrosodi-n-propylamine 14.6 2.71% 

Acetophenone 14.7 2.35% 

Table 7. Average concentration (nine replicate injections) of the 15 µg/mL 
calibration verification standard in soil matrix and the %RSD of the 
nine replicate injections.
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Name 

Average Calculated 
Concentration in Matrix of 

15 µg/mL Spike
%RSD of 

Nine Replicates 

4-Nitrosomorpholine 14.4 2.40% 

o-Toluidine 14.4 1.26% 

Hexachloroethane 15.0 4.80% 

Nitrobenzene-d5 15.0 1.53% 

Nitrobenzene 14.8 1.87% 

Nitrosopiperidine 14.5 2.32% 

Isophorone 14.7 2.52% 

2-Nitrophenol 15.4 3.43% 

2,4-Dimethylphenol 14.3 1.79% 

Benzoic acid 14.3 6.81% 

Bis(2-chloroethoxy)methane 14.8 1.73% 

2,4-Dichlorophenol 14.9 1.64% 

1,2,4-Trichlorobenzene 15.0 1.31% 

Naphthalene 14.4 1.50% 

a,a-Dimethylphenethylamine 14.0 2.25% 

4-Chloroaniline 15.5 1.80% 

2,6-Dichlorophenol 17.9 1.34% 

Hexachlorobutadiene 13.5 3.66% 

N-Nitrosobutylamine 14.2 2.45% 

4-Chloro-3-methylphenol 15.1 2.29% 

 2-Methylnaphthalene 14.7 1.59% 

Hexachlorocyclopentadiene 12.6 3.44% 

1,2,4,5-Tetrachlorobenzene 14.9 2.77% 

2,4,6-Trichlorophenol 15.3 1.92% 

2,4,5-Trichlorophenol 15.3 1.91% 

2-Fluorobiphenyl 15.5 1.47% 

1-Chloronaphthalene 14.9 1.65% 

2-Chloronaphthalene 15.3 1.64% 

2-Nitroaniline 15.4 1.75% 

Dimethyl phthalate 15.8 1.42% 

2,6-Dinitrotoluene 13.1 3.81% 

Acenaphthylene 15.0 1.03% 

m-Nitroaniline 12.4 2.93% 

Acenaphthene 14.5 1.52% 

2,4-Dinitrophenol 12.3 5.97% 

4-Nitrophenol 12.8 2.57% 

Pentachlorobenzene 16.2 1.84% 

2,4-Dinitrotoluene 15.6 2.45% 

Dibenzofuran 14.9 1.23% 

1-Naphthylamine 14.1 1.28% 

2,3,4,6-Tetrachlorophenol 12.7 3.86% 

2-Naphthylamine 14.7 1.26% 

Diethyl phthalate 14.4 2.21% 

Thionazin 14.0 2.99% 

Fluorene 14.2 1.72% 

4-Chlorophenyl phenyl ether 14.4 2.41% 

5-Nitro-o-toluidine 11.4 4.16% 

4-Nitroaniline 14.9 3.37% 

Name 

Average Calculated 
Concentration in Matrix of 

15 µg/mL Spike
%RSD of 

Nine Replicates 

2-Methyl, 4,6-dinitrophenol 13.6 2.93% 

Diphenylamine 15.2 0.66% 

Azobenzene 14.8 2.76% 

2,4,6-Tribromophenol 15.5 3.74% 

Sulfotep 13.1 4.28% 

Diallate I 15.6 3.38% 

Phorate 14.9 2.14% 

Phenacetin 16.1 2.66% 

4-Bromophenyl phenyl ether 14.8 2.08% 

Diallate II 14.9 3.70% 

Hexachlorobenzene 16.9 2.73% 

Dimethoate 12.7 2.42% 

Pentachlorophenol 13.4 4.84% 

4-Aminobiphenyl 16.0 2.40% 

Pentachloronitrobenzene 16.7 6.40% 

Propyzamide 15.2 2.86% 

Dinoseb 13.0 3.24% 

Disulfoton 14.2 4.39% 

Phenanthrene 14.5 0.88% 

Anthracene 15.0 2.01% 

Methyl parathion 15.5 3.70% 

Dibutyl phthalate 11.5 3.70% 

Parathion 15.7 2.21% 

4-Nitroquinoline-1-oxide 16.9 2.04% 

Fluoranthene 15.0 0.95% 

Benzidine 14.0 2.76% 

Aramite 13.9 3.71% 

Aramite II 13.3 3.59% 

Pyrene 14.8 1.62% 

p-Terphenyl-d14 15.3 1.98% 

p-(Dimethylamino)azobenzene 14.0 2.05% 

Chlorobenzilate 14.9 1.92% 

3,3'-Dimethylbenzidine 14.6 2.11% 

Benzyl butyl phthalate 13.8 2.51% 

3,3'-Dichlorobenzidine 15.8 1.90% 

Benz[a]anthracene 13.7 0.98% 

Chrysene 14.5 1.31% 

Bis(2-ethylhexyl) phthalate 15.2 1.89% 

Di-n-octyl phthalate 14.3 1.30% 

7,12-Dimethylbenz[a]anthracene 12.2 1.40% 

Benzo[b]fluoranthene 14.7 1.50% 

Benzo[k]fluoranthene 15.4 2.94% 

Benzo[a]pyrene 15.4 2.07% 

3-Methylcholanthrene 14.6 2.77% 

Dibenz[a,j]acridine 13.0 1.58% 

Indeno(1,2,3-cd)pyrene 15.8 1.44% 

Dibenz[a,h]anthracene 15.5 2.18% 

Benzo[ghi]perylene 15.5 1.56% 
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Conclusion
A method for testing SVOCs using H2 carrier gas and the 
Agilent HydroInert source, which prevents hydrogenation 
and dichlorination of target analytes, has been developed 
for the Agilent 5977B Inert Plus GC/MSD. Method criteria for 
EPA method 8270D/E are met for the GC/MS tuning mixture, 
DFTPP tuning criteria, and initial calibration over the normal 
working range of 0.1 to 100 µg/mL in a single 12-minute run, 
with fewer than 15 compounds of the 119 tested compounds 
requiring linear curve fits. Retention of mass spectral fidelity 
is a breakthrough for the use of H2 carrier gas with GC/MS 
systems, especially for environmental analyses, such as EPA 
method 8270. 
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