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LCGC online
Selected highlights of digital content from 
LCGC Asia Pacific and The Column.

Connect with LCGC: Stay in touch with LCGC and  
keep updated with the latest news. Follow us on social 
media to keep up to date with the latest troubleshooting 
tips and technical peer-reviewed articles featured 
on our website. Follow @LC_GC on Twitter, join our 
LCGC Magazine LinkedIn group, or Like our page on 
Facebook. You are also free to post your questions or 
discussions for other members to view and comment on!

LC TROUBLESHOOTING

But My Peaks Are Not Gaussian! Part 1:  
Basic Concepts in Peak Shape, and the 
Effect of Extracolumn Connections
Basic concepts in peak shape, and the potential for poor 
fluidic connections to cause peak tailing in a separation.
Read more: https://bit.ly/3mi7G2q

INTERVIEW

Breath Diagnostics Using Chromatography 
for COVID-19 and Triage Applications
Paul Thomas discusses the role of a rapid breath 
diagnostic method for COVID-19 using GC–IMS and  
the wider impact and realities of field breath testing.
Read more: https://bit.ly/3gfw94O

TIPS & TRICKS

A Few Things Chromatograms Can  
(and Can’t) Tell
This instalment of Tips & Tricks will deal with some 
common misinterpretations of chromatograms.
Read more: https://bit.ly/3ggb4XG

PODCAST

Best Practices for Hiring and Managing a 
Cannabis Testing Lab
What are the challenges of hiring highly qualified cannabis 
analysts in the current labour market? Learn about the 
range of skill sets cannabis laboratory staff will need.
Read more: https://bit.ly/3konpdV

August/
September 
Update

Welcome to the August/September issue of  
LCGC Asia Pacific. In this month’s cover story, 
Hans-Gerd Janssen discusses the advantages  
of a novel, rapid gas chromatography– 
mass spectrometry (GC–MS) method to  
analyze antioxidants that inhibit oxidation in  
food analysis. To help people make the transition 
towards healthier diets and lifestyles, there is 
a move to reduce the levels of unhealthy 
saturated fats in products by replacing them 
with more healthy unsaturated fats. He also 
explains how the maturity of GC technology is 
actually an advantage to the food analyst.

GC Connections looks at what simple fixes 
can be tried first when troubleshooting a 
chromatographic problem, and highlights 
the method optimization that can be 
achieved without turning any wrenches.

This month’s peer-review article examines how 
the analysis of nitrosamines has become such 
an important focus point for the pharmaceutical 
industry. It follows the story from 2018, when 
N-nitrosodimethylamine (NDMA) was detected 
in a batch of valsartan at levels exceeding 
ICH acceptable intake limits for mutagenic 
impurities, through to the regulatory landscape 
that has evolved as a result. It then discusses the 
development of analytical methods, in particular 
LC–MS/MS, for the determination of nitrosamines. 

LCGC is a multimedia platform that helps 
chromatographers keep up to date with the latest 
trends and developments in separation science 
and supports them to perform more effectively 
in the workplace. Keep updated with our print 
and digital content by visiting the global website 
(www.chromatographyonline.com), subscribing 
to our newsletters, and attending our wide 
range of educational virtual symposiums.

Mike Hennessy Senior, Chairman
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In the summer of 2018, the pharmaceutical landscape for the manufacture of 
small molecules changed with the discovery of a small mutagenic compound 
in a batch of pharmaceuticals manufactured in China. Zhejiang Huahai 
Pharmaceuticals produce valsartan, which is a prescription-only drug used to 
treat high blood pressure and heart failure. It is a selective angiotensin II receptor 
blocker (ARB) that dilates blood vessels and so consequently reduces blood 
pressure. It is often given to patients directly after a heart attack. In performing 
the routine analysis, quality control (QC) chemists identified the presence of 
N-nitrosodimethylamine (NDMA) and went on to report an average level of 
66.5 parts per million in affected batches (1), which is high enough to have a 
detrimental impact on patient safety. On 5 July 2018, the European Medical 
Agency gave notice on their website that it was reviewing medicines containing 
valsartan from Zhejiang Huahai following detection of an impurity. It was also 
noted that national authorities across the EU had started to recall medicines 
containing valsartan from Zhejiang Huahai. Since 2018, NDMA and other forms 
of nitrosamines have been observed in a range of different pharmaceuticals. 
This article will look at the chronological development of the story and how 
nitrosamines have caused the pharmaceutical industry to re-evaluate their 
manufacturing procedures. It will look at the synthetic pathways that can cause 
the generation of a range of nitrosamines and the regulatory landscape that has 
evolved as a consequence of the initial findings. The article will then discuss the 
development of a series of applications that will allow for the determination of a 
series of nitrosamines referenced by regulatory authorities, initially showing how 
to perform a separation of these compounds from the active pharmaceutical 
ingredient (API) and then looking at how mass spectrometry (MS) can be applied 
to the analysis to ensure that the required detection limits can be reached. 

Low-Level Determination of 
Mutagenic Nitrosamine Impurities 
in Drug Substances by LC–MS/MS
Matt James and Tony Edge, Avantor, Theale, Reading, UK

Since the detection of N-nitrosodimethylamine (NDMA) in a batch of valsartan in 2018, at levels exceeding ICH 
acceptable intake limits for mutagenic impurities, the analysis of nitrosamines has become an intense focus point 
for the pharmaceutical industry. The identification and low-level determination of nitrosamines in potentially affected 
materials is challenging and requires the application of highly sensitive analytical techniques. This article reviews 
the chronological development of the story and the regulatory landscape that has evolved. It will then discuss 
the development of analytical methods for the determination of a series of nitrosamines referenced by regulatory 
authorities, demonstrating separation of these compounds from the active pharmaceutical ingredient (API) and 
looking at how mass spectrometry (MS) can be applied to ensure that the required detection limits can be reached.

KEY POINTS
• Recent regulatory requirements 

for nitrosamine analysis are 
complex and continually evolving.

• Detailed risk assessment and 
analysis to identify and mitigate 
against potential nitrosamine 
formation is required.

• LC–MS/MS provides a highly 
sensitive solution to quantitation 
at the very low-levels required 
for mutagenic impurities.
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The role of the quality control (QC) department 
is to check the quality of a final product and, in the 
case of the pharmaceutical industry, there are two 
key aspects that the QC department will monitor:
• The amount of active ingredient to ensure 

that the drug is efficacious,
• The amount and type of impurities to 

ensure that the drug is safe to use.
These analyses can be subdivided into a range of activities, with 

separation science being a fundamental component of the process. 
Impurities that are separated from the major component above a 

certain level as defined by the regulatory bodies must be identified 
and then quantified in subsequent analyses of the final product. 
Figure 1 outlines the decision tree that is used by pharmaceutical 
organizations to determine if further investigation is required to 
determine the impact (2). This decision process is associated with 
a new drug application (NDA), although for the testing of a generic 
drug, where the process is defined as an abbreviated new drug 
application (ANDA), the process would be different in accordance 
with Section 505(j) of the Federal Food, Drug, and Cosmetic 
Act (FD&C Act) (2), in which case the applicant is looking to 
demonstrate the drug is equivalent to a reference listed drug (RLD). 
The regulations stipulate the detection levels that are required 
for various types of impurities that are identified through the drug 
development process. For example, for drug substances with a 
maximum daily dose ≤ 2 g/day, any impurity detected  
that is nominally above 0.1% requires structural identification.  
Any impurities exceeding the 0.15% qualification threshold require 
further assessment to determine biological safety (3). The next 
course of action will be very dependent on the outcome of this 
and will determine if the drug product is suitable for release. 

In the summer of 2018, it was separation science (with mass 
spectrometry [MS] identification and quantification) that isolated a 
small mutagenic compound, a nitrosamine, in a batch of valsartan. 
Mutagens are chemicals that damage the genetic information 
within a cell, resulting in mutations that may lead to cancer.  
The damage to the cell is caused by interactions with the DNA 
sequence and the DNA structure. The alteration to the DNA may 
also result in permanent heritable changes to the somatic cells of 
the organism or germ cells that can then be passed on to future 
generations. It is clearly important that mutagenic compounds 
can be detected and their production avoided wherever possible. 
The bacterial reverse mutation assay, also referred to as the 
Ames assay (4), is often used to test for gene mutation and it has 
been used to identify a range of chemical entities that have been 
reported to be mutagenic (5), including nitrosamines. The World 
Health Organization has used the principles outlined in the ICH 
M7(R1) (6) guideline to determine an acceptable daily intake. 

GC Columns 

(U)HPLC Columns

Syringe Filters

Filter Vials

Autosampler Vials

SPE Tubes

QuEChERS

 www.teknokroma.es
 export@teknokroma.es

C

M

Y

CM

MY

CY

CMY

K

Half_vertical_advert.pdf   1   18/08/2021   15:28:03

7www.chromatographyonline.com

JAMES AND EDGE

http://www.teknokroma.es
mailto:export@teknokroma.es


This information is used to determine 
the allowable daily intake of mutagenic 
impurities for a specific medication,  
as will be detailed later in this article.

Nitrosamines are a class of compounds 
that have a chemical structure 
containing a nitroso group bonded to an 
amine, as shown in Figure 2. The toxic 
properties of nitrosamines were first 
reported by Barnes and Magee, who 
reported that N-nitrosodimethylamine 
(NDMA) produced liver tumours in rats. 
Subsequent studies, which involved the 
testing of over 300 nitrosamines, showed 
that nearly 90% of these compounds were 
carcinogenic to a wide variety of animals 
(7). They have been identified in a variety 
of sources, including environmental 

sources, drinking water, and processed 
food products. The potential for formation 
in pharmaceutical drug products, such 
as aminophenazone, in the presence 
of nitrosating agents was established in 
the 1970s. In the literature, several other 
active pharmaceutical ingredients (APIs) 
have also been reported to contain NDMA, 
including aminopyrimidine, amitriptyline, 
chloramphenicol, oxytetracycline, 
promazine, propoxyphene, 
chlorpromazine, diphenhydramine, 
doxylamine, trimipramine, tetracycline, 
erythromycin, imipramine, and 
methapyrilene (8,9). In 2018, the detection 
of high levels of NDMA in batches 
of valsartan drug product prompted 
renewed focus on this class of impurity. 

Nitrosamines can be formed by the 
reaction of a secondary amine with nitrite 
(Figure 3). Therefore, it is suspected 
that NDMA in valsartan may come from 
the ZnCl2-catalyzed disproportionation 
of dimethylformamide (DMF) to 
dimethylamine and carbon monoxide (CO). 
Dimethylamine then goes on to react with 
sodium nitrite and the resulting product 
is NDMA. It has also been proposed 
that carryover of nitrites or amines from 
subsequent steps may also result in the 
formation. Notably, contamination from 
external sources has been highlighted 
as a potential source of nitrosamines (1), 
such as the use of recycled solvents, for 
example DMF—which is quenched with 
sodium nitrite to destroy residual azide as 
part of the recovery process—is thought 
to be a potentially significant source of 
NDMA. Recycling of materials, catalysts, 
and solvents is deemed to be a major 
factor in the formation of nitrosamines, 
along with impurities that could react 
further downstream if equipment is not 
adequately cleaned. Similar reaction 
schemes have been proposed for the 
formation of other nitrosamines that have 
been identified during impurity profiling. 
An additional theoretical source of 
nitrosamines that should be considered 
is the formation of higher molecular 
weight API-like nitrosamines within a drug 
product. In the case of valsartan, two 
valsartan-specific nitrosamines were 
confirmed by a single API manufacturer 
to the European Medicines Agency 
(EMA), albeit at acceptably low levels (8).

Regulatory authorities first became 
aware of the presence of nitrosamines, 
specifically NDMA, in pharmaceutical 
product in July 2018. It was first 
detected in an angiotensin II receptor 
blocker, valsartan, and since then other 
nitrosamines have been detected in 
other sartan drug products that contain 
a tetrazole ring, along with other API/
medicinal products, including ranitidine 
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Compliance with USP drug substance speci�cation for
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FIGURE 1: A typical decision tree used to determine how to address impurities 
within human medicines. 
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FIGURE 2: Chemical structure of N-nitrosamines.
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and pioglitazone. The FDA and EMA 
have highlighted several nitrosamines 
that could be generated during the 
production process as potentially 
existing within drug products. These are 
highlighted in Table 1, with the required 
acceptable intake limits as specified 
by the regulatory authorities (8,10,11).

The nitrosamines specifically 
highlighted as of being of concern 
are: N-nitrosodimethylamine (NDMA), 
N-nitrosodiethylamine (NDEA), 
N-nitrosoethylisopropylamine (NEIPA), 
N-nitroso-diisopropylamine (NDIPA), 
N-nitroso-N-methyl-4-aminobutyric acid 
(NMBA), 1-nitroso-4-methyl piperazine 
(MeNP), N-Nitrosodibutylamine (NDBA), 
and N-nitrosomethylphenylamine 
(NMPA). It should be noted though that 
both regulatory authorities do stipulate 
that any carcinogenic impurity should 
be assessed in accordance with the 

TABLE 1: List of eight nitrosamines that have a defined daily exposure limit by the EMA and FDA. 
It should be noted that these limits are only applicable if the finished product contains a single 
N-nitrosamine. For multiple N-nitrosamines a different set of thresholds has been set.

N-Nitrosamine
FDA Limit EMA Limit

ng/day ng/day

NDMA 96.0 96.0

NDEA 26.5 26.5

NEIPA 26.5 26.5

NDIPA 26.5 26.5

NMBA 96.0 96.0

MeNP N/A 26.5

NDBA 26.5 26.5

NMPA 26.5 34.3
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N N
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N ON+

H
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FIGURE 3: Reaction scheme for the formation of N-nitrosamines.
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ICH M7(R1) guidelines, and indeed the 
EMA documentation refers to 16 different 
nitrosamines that are routinely monitored 
under the United States Environmental 
Protection Agency (EPA) guidelines 

(8,12). Separation and detection of these 
impurities within solvents, intermediates, 
drug substance, and drug product has 
therefore become of high importance 
within the pharmaceutical industry.

The regulatory landscape has evolved 
very quickly since the first observation 
of NDMA in valsartan, with the FDA 
releasing documentation related to 
controlling nitrosamine impurities in 
human drugs in September 2020, which 
was recently updated in February 2021 
(10). There has also been legislation 
released by the EMA that defines the 
allowable daily intakes. This information 
can be used to determine the allowable 
concentrations in a given drug product 
(8). Current acceptable intake limits 
required by the pharmaceutical industry 
are given in Table 2. The acceptable 
daily intake of nitrosamines is related 
to the maximum daily dose (MDD) of 
the drug substance, therefore different 
concentrations of nitrosamines are 
acceptable for different drugs. 

These limits are applicable only 
if a drug product contains a single 

TABLE 2: List of sartans with allowable daily intakes based on levels of sartan impurities

Drug
Maximum 
Daily Dose 
(mg/day)

Acceptable 
Intake NDMA 

(ng/day)

Acceptable 
Intake NDMA 

(ppm)

Acceptable 
Intake NDEA 

(ng/day)

Acceptable 
Intake NDEA 

(ppm)

Acceptable 
Intake NMBA 

(ng/day)

Acceptable 
Intake NMBA 

(ppm)

Valsartan 320 96 0.3 26.5 0.083 96 0.3

Losartan 100 96 0.96 26.5 0.27 96 0.96

Irbesartan 300 96 0.32 26.5 0.088 96 0.32

Azilsartan 80 96 1.2 26.5 0.33 96 1.2

Olmesartan 40 96 2.4 26.5 0.66 96 2.4

Eprosartan 800 96 0.12 26.5 0.033 96 0.12

Candesartan 32 96 3.0 26.5 0.83 96 3.0

Telmisartan 80 96 1.2 26.5 0.33 96 1.2
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FIGURE 4: Timeline of main nitrosamine events.
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3: N-Nitroso-N-methyl-4-aminobutyric acid (NMBA)
4: N-Nitrosodiethylamine (NDEA)
5: N-Ethyl-N-nitroso-2-propanamine (NEIPA)
6: N-Nitrosodiisopropylamine (NDIPA)
7: N-Nitrosodi-n-propylamine (NDPA)
8: N-Nitroso-n-methylaniline (NMPA)
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FIGURE 5: Reversed-phase LC analysis of nitrosamine impurities spiked into valsartan 
drug substance. Column: 100 × 3.0 mm Avantor ACE UltraCore C18; Mobile phase: A: 
20 mM KH2PO4 pH 2.7 (aq), B: 20 mM KH2PO4 pH 2.7 in 7:3 MeCN–H2O; Gradient: 
4%B hold for 1 min, then 4 to 95%B over 14 min, hold at 95%B for 2 min; Flow rate: 
0.6 mL/min; Temperature: 20 °C; Injection volume: 1 µL; Detection: UV (254 nm). 
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nitrosamine. If more than one of the 
nitrosamine impurities identified in 
Table 1 is detected and the total quantity 
of nitrosamine impurities exceeds 
26.5 ng/day (the acceptable intake [AI] 
for the most potent nitrosamines) based 
on the MDD (10), the manufacturer 
should contact the agency for 
evaluation. For drug products with 
an MDD of less than 880 mg/day, a 
recommended limit for total nitrosamines 
of 0.03 ppm is no more than 26.5 ng/
day and is considered acceptable. 
For drug products with an MDD 
above 880 mg/day, the limit for total 
nitrosamines should be adjusted so 
as not to exceed the recommended 
limit of 26.5 ng/day. The wording here 

is taken directly from the February 
2021 guidance to industry document 
on “Control of Nitrosamine Impurities 
in Human Drugs” (10). In Europe, the 
total risk level for all N-nitrosamines 
detected must not exceed 1 in 100,000 
lifetime risk. An alternative approach 
where the sum of all detected 
N-nitrosamines is below the limit of the 
most potent nitrosamine may also be 
used (8,11). This clearly demonstrates 
the complexity of developing an 
analytical method for the analysis of 
nitrosamines in an API, since there is 
a degree of interpretation required to 
define the assay dynamic range and this 
varies depending on the nature of the 
nitrosamine impurities being analyzed. 

It is very evident from the above 
discussion that since the initial 
identification of NDMA in valsartan that 
there has been a lot of activity both in 
terms of identification of nitrosamine 
impurities and in terms of the required 
legislation to address the potential  
toxicity implications. Figure 4 gives an 
overview of the main activities associated 
with this unfolding story from the initial 
discovery in June 2018, through the 
triggering of article 31, which is when the 
EMA initiated non-pharmacovigilance 
referral procedures, to the more 
recent guidance updates by the 
FDA on the analysis of nitrosamines 
and the more recent observations 
of nitrosamines in other APIs. 

TABLE 3: List of specified MRM transitions from the USP method and optimized MS parameters for each transition

Optimized MS Parameters

Nitrosamine Impurity MRM Declustering Potential (V) Collision Energy (V) Cell Exit Potential (V)

NDMA
+75.0 amu → +43.0 amu 11 19 10

+75.0 amu → +58.0 amu 11 17 28

NDMA-d6
+81.2 amu → +46.0 amu 40 22 11

+81.2 amu → +64.1 amu 40 17 12

NMBA
+147.1 amu → +117.1 amu 11 11 12

+147.1 amu → +87.1 amu 11 17 10

NMBA-d3
+150.1 amu → +120.2 amu 16 11 8

+150.1 amu → +47.1 amu 21 17 8

NDEA
+103.1 amu → +75.1 amu 16 21 10

+103.1 amu → +47.1 amu 16 23 22

NDEA-d10
+113.2 amu → +34.2 amu 21 33 6

+113.2 amu → +49.1 amu 6 23 6

NEIPA
+117.1 amu → +75.1 amu 26 17 10

+117.1 amu → +47.1 amu 21 23 10

NDIPA
+131.1 amu → +89.1 amu 76 15 10

+131.1 amu → +47.1 amu 71 23 10

NMPA
+137.1 amu →+66.0 amu 21 23 8

+137.1 amu →+107.1 amu 16 21 12

NDPA
+131.1 amu → +89.1 amu 16 17 10

+131.1 amu → +43.1 amu 16 21 10

NDBA
+159.2 amu → +57.1 amu 46 17 10

+159.2 amu → +103.2 amu 51 15 10

NDBA-d18
+177.3 amu → +66.2 amu 46 23 8

+177.3 amu → +46.2 amu 41 37 22
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Materials and Methods
Liquid chromatography (LC)–UV 
experimental work was performed on 
an Agilent 1290 binary UHPLC system, 
with data acquisition and analysis 
performed using Agilent OpenLab CDS 
and ChemStation software (Agilent 
Technologies). The LC–MS application was 
run on a Sciex QTRAP 6500+ LC–MS/
MS system equipped with an ExionLC 
AD UHPLC system (Sciex). The MS was 
operated in positive ionization mode 
using the atmospheric pressure chemical 
ionization (APCI) probe on the IonDrive 
Turbo V source. Data acquisition was 

managed by Sciex Analyst software, whilst 
data was processed using Sciex OS. 
The LC separations were performed on 
Avantor ACE UltraCore C18 superficially 
porous columns in 100 × 3.0 mm and 
100 × 2.1 mm dimensions and a 3.5-µm 
particle size (VWR). Solvents and reagents 
were purchased from VWR. NDMA, 
NDEA, NPIDA, NDPA, NDBA, NMPA, 
NDMA-d6, and valsartan standards 
were purchased from VWR, NMBA and 
NEIPA from Enamine Ltd, and NMBA-d3, 
NDEA-d10, and NDBA-d18 from LGC Ltd. 

For the LC–MS application, a 
standard solution containing 200 ng/mL 

of NDMA, NMBA, NEIPA, NDIPA, NDPA, 
NMPA, and NDBA was prepared,  
along with a 132 ng/mL solution of 
NDEA. The internal standard solution 
contained 10 µg/mL NDMA-d6 and 
NMBA-d3 and 1 µg/mL NDEA-d10  
and NDBA-d18. L1–L7 calibration 
solutions were prepared as outlined  
in the proposed USP method (13).  
The spiked valsartan sample was 
prepared by spiking 80 mg of drug 
substance with 6 µL and 9 µL of the 
respective standard solutions and 12 µL 
of internal standard solution, followed 
by 1173 µL 1% formic acid (aq.).  
The sample was vortexed at 2500 rpm 
for 20 min and then centrifuged at 
6000 rpm for 20 min. It was then 
filtered using a Whatman Mini-UniPrep 
0.45 µm PVDF syringeless filter.

Chromatographic Analysis 
of Nitrosamines
The low-level detection of nitrosamines 
including NDMA is highly pertinent 
due to potential trace-level formation 
in the manufacture and processing of 
various consumer products, including 
drinking water, food and beverages, 
tobacco-related products, rubber 
products, pharmaceuticals, and 
cosmetics (8,14,15,16). The potential 
for the formation of nitrosamines in such 
products, for example, the reaction of 
nitrite with nitrosatable amines in meat and 
fish at high temperatures, has caused 
major concern. The chromatographic 
separation and quantitation of nitrosamines 
is therefore well established in a variety of 
matrices using both gas chromatography 
(GC) or LC. GC is ideally suited to the 
analysis of more volatile nitrosamines and 
has been utilized extensively. Several 
detection options have been explored 
for GC analysis of nitrosamines. Nitrogen 
chemiluminescence detection (CLD), also 
termed thermal energy analyzer (TEA),  
has been used to provide a highly sensitive 
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FIGURE 6: Reversed-phase LC–MS/MS determination of nitrosamines spiked into 
valsartan drug substance at 0.1 ng/mL. Overlaid traces represent the quantifier and qualifier 
transitions for each nitrosamine (see Table 3). Column: 100 × 2.1 mm, 3.5-µm Avantor ACE 
UltraCore C18; Mobile phase: A: 0.1% formic acid in water, B: 0.1% formic acid in methanol;  
Gradient: see table below; Flow rate: 0.5 mL/min; Temperature: 40 °C; Injection volume: 40 µL. 

TABLE 4: Optimized MS source parameters

Parameter Optimized Value

Ionization mode APCI, positive mode

Source temperature 300 °C

Curtain gas 33 psig

Ionspray source voltage 5500 V

Ion source gas 1 30 psig

Ion source gas 2 -

Needle current 2 µA
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FIGURE 7: Seven-point calibration curves for each nitrosamine. Curves used a 1/x weighting factor and either linear or quadratic fit.
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detection method for N-nitrosamines (9,17); 
however, potential for cross reactivity 
exists from organic and inorganic nitrites, 
nitrates, and N-nitramines (8). The use of 
MS detection has become increasingly 
established, providing highly sensitive, 
analyte-specific detection capabilities.

Liquid chromatography is also 
commonly used and can overcome some 
reported issues found with GC analysis, 
for example, allowing determination of 
thermally unstable nitrosamines (14) and 
involatile nitrosamines such as NMBA,  
and avoiding potential thermal degradation 
of ranitidine drug substances under GC 
conditions to yield NDMA (18). LC also 
enables the simultaneous determination of 
nitrosamines alongside drug product in a 
single run. The separation of nitrosamines 
can be achieved by reversed-phase LC, 
although given the hydrophilic, polar nature 
of some nitrosamines, retention of some 
of the compounds can be challenging. 

Various stationary phases have been 
utilized to obtain satisfactory retention, 
with C18 or pentafluorophenyl (PFP) 
phases often specified. The proposed 
USP general chapter on nitrosamine 
impurities, currently under review (April 
2021), provides monograph methods for 
the use of both these LC phases (13). The 
FDA additionally specifies the use of a C18 
phase with an integrated phenyl ring for the 
determination of NDMA in ranitidine (19,20).

To demonstrate the applicability of LC for 
the separation of nitrosamine impurities in 
pharmaceutical preparations, a set of eight 
nitrosamines were spiked into a valsartan 
secondary standard and separated on 
a 100 × 3.0 mm solid-core C18 column 
(Figure 5). The set of nitrosamine impurities 
selected for this example include the 
majority of the nitrosamines identified as 
being of concern by the USP, EMA, and 
FDA (8,10,13). The sample analytes 
possess log P values ranging from -0.17 

to 2.60, therefore gradient elution was 
required to provide suitable retention of 
all analytes. A simple gradient ranging 
from 4 to 95% B (2.8% to 66.5% [v/v] 
acetonitrile) was found to achieve baseline 
separation of all sample components. An 
initial 1 min isocratic hold was employed 
to aid retention of NDMA. It is worth noting 
that the peaks for asymmetric NMBA 
and NEIPA are observed as doublet 
peaks of the syn- and anti-conformers 
due to hindered rotation around the 
N-N bond (21). From assessment of 
the analyte physicochemical properties, 
mobile phases buffered with potassium 
phosphate at pH 2.7 and 6.5 were 
assessed during method development. 
It was found that an acidic pH was 
required to improve the retention 
and peak shape of the valsartan API 
peak and to also achieve retention of 
NMBA, with the NMBA peak eluting on 
the column void time at intermediate 

TABLE 6: Accuracy and precision data for the quantifier transitions for each calibration level used to generate the calibration curves

Concentration 
Level

NDMA NMBA NDEA NEIPA

Accuracy % % CV Accuracy % % CV Accuracy % % CV Accuracy % % CV

L1 99.35 1.91 103.25 0.55 99.53 1.55 99.09 2.92

L2 99.56 1.79 95.97 1.71 98.95 2.38 99.24 4.44

L3 98.92 1.00 99.18 4.46 101.00 0.84 100.18 2.54

L4 101.47 1.72 100.92 1.07 100.87 2.37 101.54 1.36

L5 101.84 1.02 102.50 2.92 102.14 2.16 103.37 2.74

L6 99.21 2.39 97.98 4.29 97.10 0.38 96.07 1.28

L7 99.65 2.52 100.22 1.03 100.42 1.59 100.52 0.97

TABLE 5: Concentrations of nitrosamines in the calibration solutions used to construct the calibration curves

Concentration 
Level

Concentration of NDMA, NMBA, NDBA, NEIPA, NDIPA, NMPA, NDPA Concentration of NDEA

ng/mL ppb* ng/mL ppb*

L1 1.33 19.95 0.66 10

L2 2 30 0.88 13.5

L3 5 75 3.3 49.5

L4 7.5 112.5 4.95 74.25

L5 10 150 6.6 99

L6 15 225 9.9 148.5

L7 30 450 19.8 297

* with respect to 66.67 mg/mL drug substance
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pH. In this example, UV detection was 
employed at a wavelength of 254 nm.

Whilst the example shown in Figure 5 
clearly demonstrates the applicability 
of a C18 phase for the separation of 
these nitrosamine impurities, the low 
detection limits specified by regulatory 
authorities typically precludes the 
use of UV detection. Nitrosamine 
analysis therefore requires the use of 
highly sensitive and specific detection 
modes, such as MS, although the low 
molecular weight of nitrosamines and 
their relatively low hydrophobicity can 
make developing a sensitive and robust 
method somewhat challenging. The use 
of LC–MS/MS has become increasingly 
common, with nitrosamine detection, 
quantitation, and confirmation achieved 
through monitoring multiple analyte 
specific MRM transitions. Alternatively, 
LC–high resolution MS (LC–HRMS) has 
also been employed to provide highly 
specific detection and quantitation.

As discussed above, an acidic mobile 
phase provides good retention and 
selectivity for nitrosamines, although 
the nonvolatile phosphate buffer used 
in Figure 5 should be replaced with an 
MS-compatible alternative. Formic acid is 
a convenient additive that is widely used in 
the mobile phase for nitrosamine analysis 
by LC–MS. Ngongang et al. reported an 
increase in MS signal intensity for five out of 
nine nitrosamines tested over non-buffered 
mobile phase, when 0.05 or 0.1% (v/v) 

formic acid was added to the mobile 
phase, with 0.1% proving optimal for 
lower response nitrosamines (14). Higher 
concentrations of formic acid were found to 
compromise signal intensity. Electrospray 
ionization (ESI) has been used for LC–MS 
analysis of nitrosamines, however, it has 
been reported that ESI may be impacted 
by ion suppression due to matrix effects. 
Therefore, positive mode atmospheric 
pressure chemical ionization (APCI) 
is preferential for nitrosamine analysis, 
providing much improved sensitivity (8,22). 

To demonstrate the use of the same 
stationary phase in Figure 5 for the high 
sensitivity LC–MS/MS quantitation of 
nitrosamines in drug substances, an 
LC–MS/MS method for the determination 
of six nitrosamines (NDMA, NDEA, NMBA, 
NEIPA, NDIPA, NDBA) in selected 
sartans—specified in the proposed 
USP general chapter on the analysis of 
nitrosamine impurities—was used as a 
starting point (13). The monograph method 
specified the use of a 150 × 3.0 mm 
column packed with 2.7-µm particles 
bonded with a C18 phase. A 12.2 min 
gradient profile was used, which 
would give an approximate cycle time 
of 18–24 min (assuming 5–10 column 
volumes of mobile phase for post-gradient 
re-equilibration). Given the high resolution 
obtained using the LC method in 
Figure 5, it was decided to develop an 
alternative gradient method targeting a 
>50% reduction in overall cycle time. In 

addition to the six nitrosamines specified 
in the USP method, NMPA (identified as a 
nitrosamine of concern by EMA and FDA) 
and NDPA (isobaric to NDIPA) were also 
included. The method should provide full 
chromatographic separation of all analytes, 
in particular the isobaric pair NDPA 
and NDIPA. Resolution of the syn- and 
anti-conformers for NMBA and NEIPA was 
not deemed to be necessary, as these 
would be integrated as a single peak.  
As per the USP methodology, four 
deuterated internal standards were included 
for quantitation: NDMA-d6, NMBA-d3, 
NDEA-d10, and NDBA-d18 (NEIPA, NDIPA, 
NDPA, and NMPA are quantitated against 
NDEA-d10). As shown in Table 2, analytical 
methods for nitrosamine determination 
in drug substances require low ppb 
detection limits to ensure applicability 
for high daily dose drug substances.

The individual transitions specified 
in the USP method for quantitation and 
confirmation were assessed by direct 
infusion of reference standard solutions of 
each compound and were either confirmed 
or replaced by higher performing 
transitions. The individual transitions 
were optimized by infusion, as detailed 
in Table 3, whilst MS source parameters 
were optimized by flow injection analysis, 
targeting maximization of the responses 
for NDMA and NMBA (Table 4).

Once optimization was complete,  
the final LC separation was refined on 
a 100 × 2.1 mm solid-core C18 column. 

TABLE 6 (CONTINUED): Accuracy and precision data for the quantifier transitions for each calibration level used to generate the calibration curves

Concentration 
Level

NDIPA NMPA NDPA NDBA

Accuracy % % CV Accuracy % % CV Accuracy % % CV Accuracy % % CV

L1 101.41 4.83 99.74 2.68 99.35 4.93 94.88 2.42

L2 98.74 4.30 101.93 1.66 100.00 1.75 99.99 2.87

L3 98.88 1.91 100.59 2.23 98.44 3.00 101.33 1.05

L4 101.83 1.68 100.65 2.14 101.50 1.10 101.88 7.57

L5 103.45 2.01 100.53 4.66 104.05 2.55 105.92 2.78

L6 94.18 3.47 94.22 5.11 96.22 3.64 96.86 1.56

L7 101.51 2.65 102.33 2.75 100.46 2.38 99.13 4.83
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An initial isocratic hold of 0.2 min was 
used to maximize retention of NDMA 
and NMBA, whilst the remaining 
analytes were eluted on a 4.0 min 
gradient (full LC conditions are detailed 
in Figure 6). Seven-point calibration 
curves were constructed by injection 
of standard solutions of nitrosamines 
according to the USP method (Table 5 
and Figure 7). Excellent linearity was 
observed across the calibration range 
for all nitrosamine standards, with 
all compounds giving r2 > 0.99, in 
compliance with method system suitability 
criteria. The accuracy and precision for 
the method was very good, as detailed 
in Table 6, demonstrating reproducibility 
across the calibrated range.

To further assess accuracy and precision, 
six injections of a QC sample containing 
the six nitrosamines specified in the USP 
method were performed (summarized 
in Table 7). The QC standard was 
prepared at a concentration of 20 ng/

mL, which would correspond to 0.3 ppm 
with respect to an 80 mg sample of drug 
substance (AI limit for NDMA and NMBA 
in valsartan). Determined accuracies were 
within 15% of the expected range, with 
%CV values substantially lower than 15%, 
demonstrating excellent reproducibility.

Finally, the method was applied to the 
analysis of valsartan drug substance 
spiked with nitrosamine standard 
solutions at a level of 1 ng/mL (equating 
to 15 ppb of drug substance, according 
to the sample preparation procedure). 
A simple extraction of nitrosamines 
with 1% aqueous formic acid was used 
following reference 11, which successfully 
extracted the spiked nitrosamines  
from valsartan drug substance. For 
the analysis of other drug substances, 
such as other sartans, ranitidine, or 
metformin, alternative extraction 
methods may be required to achieve 
suitable recovery whilst preventing 
solubilization of the API (18,23,24). 

The analysis of finished drug product 
(that is, drug substance and excipients) 
presents further analytical challenges, 
particularly for drug products with a 
high MDD. The potential for interference 
from drug substance or excipients and 
the low detection limits required means 
that in some cases sample cleanup 
and concentration approaches, such 
as solid-phase extraction (SPE), may 
need to be employed to mitigate the 
impact of the matrix (18,25). Additionally, 
the potential interference from other 
low-molecular-weight trace impurities, such 
as residual DMF, has also been noted (26).

Figure 6 shows an example MRM 
chromatogram. Chromatographic 
resolution was obtained for all analytes and 
the isobaric analytes NDIPA and NDPA 
were clearly separated. It is worth noting 
that the syn- and anti-conformers of NEIPA 
were partially resolved but were integrated 
as a single peak for quantitation. According 
to Table 2, the AI limits for NDEA in a high 

TABLE 8: Estimated LOD and LOQ values

ng/mL ppb*

S/N (3σ) at L1 Level LOD LOQ LOD LOQ

NDMA 99.1 0.040 0.134 0.60 2.01

NMBA 433.1 0.009 0.031 0.14 0.46

NDEA 197.7 0.010 0.033 0.15 0.50

NEIPA 3199 0.001 0.004 0.02 0.06

NDIPA 1204 0.003 0.011 0.05 0.17

NMPA 401 0.010 0.033 0.15 0.50

NDPA 3428 0.001 0.004 0.02 0.06

NDBA 629.9 0.006 0.021 0.10 0.32

* with respect to 66.67 mg/mL drug substance

TABLE 7: Accuracy and precision data for six replicate injections of the QC sample

Determined Concentration (ng/mL)
% Accuracy %CV

Inj #1 Inj #2 Inj #3 Inj #4 Inj #5 Inj #6

NDMA 18.34 18.95 18.26 18.69 18.87 18.49 93.00 1.53

NMBA 19.56 19.97 19.30 19.52 18.87 18.96 96.81 2.12

NDEA 19.03 18.27 17.98 17.87 17.89 18.72 91.37 2.65

NEIPA 19.15 19.75 20.08 18.78 18.54 19.45 96.46 3.02

NDIPA 19.92 20.09 18.94 20.11 19.96 18.97 98.33 2.82

NDBA 19.40 19.00 20.11 19.09 19.20 19.72 97.09 2.19
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daily dose drug substance correspond 
to 33 ppb, therefore the method clearly 
shows excellent performance in the 
low ppb ranges required by regulatory 
authorities. LOD and LOQ values were 
estimated based on the signal-to-noise 
ratio determined from individual MRM 
chromatograms obtained for the L1 
calibration levels and are summarized in 
Table 8. These values clearly demonstrate 
the low ppb sensitivity that can be 
achieved using the tested method. 

Conclusions
Since the initial discovery of NDMA in 
valsartan in 2018, the detection and 
quantitation of nitrosamine impurities in 
drug substances has become a major 
concern. Risk-based assessment of 
the nitrosamine contamination risks has 
been widely implemented to identify and 
mitigate potential sources of nitrosamine 
contamination in pharmaceutical products. 
Where risks are present, analytical 
determination of nitrosamines is essential to 
ensure the ongoing safety of drug products. 
Due to the low acceptable daily intake 
limits established for nitrosamines, which 
must be considered against the maximum 
API daily dose, chromatographic analysis 
necessarily involves the application of 
highly sensitive and selective mass 
spectrometric detection capable of 
quantitation at the low ppb level.  
This article has discussed the potential 
origins of nitrosamine contamination 
in drug substance, the regulatory 
guidance governing the allowable limits 
of nitrosamines, and discussed the use 
of LC–MS/MS for low-level nitrosamine 
quantitation. A proposed USP method for 
nitrosamines in sartans was selected as a 
starting point to develop a rapid method 
for nitrosamine analysis. The final LC–MS/
MS method reduced the overall cycle 
time by 50%. The excellent separation 
and peak shape provided by the LC 
column and the separation conditions 

employed allow this LC–MS/MS approach 
to readily provide the sensitivity to quantify 
nitrosamines at the low levels required by 
regulatory authorities. The final method 
was demonstrated to show excellent 
accuracy and precision across the 
calibration concentration range assessed.
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Capillary Gas Chromatography: 
Getting the Best Separation Without 
Turning (Too Many) Wrenches
Nicholas H. Snow, Department of Chemistry and Biochemistry, Seton Hall University, New Jersey, USA

It is often a good idea to look at our methods and see how we can make them more efficient and effective without 
doing a major overhaul. In this month’s column, I examine simple steps we can take to optimize a separation without 
changing the column. I discuss adjusting temperature, flow, and sampling with an eye towards the classical method 
optimization goals of high resolution, high speed, high sample capacity, and ease of use. I examine optimizing as 
much as possible without getting the wrenches out to install a different dimension or stationary phase column.

One of the first and most important 
lessons I learned about optimizing and 
troubleshooting chromatographic problems 
is to try the simple fixes first and turn 
wrenches last. Changing a column in a gas 
chromatography (GC) instrument usually 
requires additional downtime to cool the 
instrument, install the new column, heat 
it back up, condition or bake out the new 
column, and then think about a change in 
peak elution order. Because these steps 
can be very time-consuming, I always 
taught my students to get as far as they 
can with optimizing the separation on the 
current column before changing it. Let 
us consider some optimizations that can 
be attempted without changing column 
dimensions or the stationary phase.

Method Optimization Goals
Before considering optimization steps,  
it is important to consider the goals of the 
optimization process. Many short course 
instructors (including me) use a simple 
triangle approach to assist students in 
thinking about optimization. A classical 
optimization triangle is shown in Figure 1. 
Each corner of the triangle represents an 

optimization goal—high resolution, high 
speed, or high capacity (ease of use).  
In method development and optimization, 
we can generally obtain any two of the 
three goals simultaneously. Obtaining all 
three often requires difficult compromises. 
A high-resolution, high-speed method 
will be more difficult to run and will likely 
have a lower sample capacity or require 
a small sample. A high capacity (easy) 
method that is also fast will likely be 
low resolution. Finally, a high-resolution 
method that has high capacity and is 
easy to run will generally be slow. 

Because the goal of a chromatographic 
separation is resolution, the classical 
resolution equation, shown in 
equation 1, can also be helpful in 
thinking about the chromatographic 
challenges in method optimization.

Rs = (      )(      )(      )k
1+k

α–1
α

N
4

[1]

Resolution is seen as a combination of 
retention factor (the “k” term), selectivity 
(the “α” term), and efficiency (the “N” 
term). In these examples, we look at the 
terms in this equation broadly. Resolution 

can be thought of as involving long 
retention, as seen in the term involving k. 
If k is too small (less than 2), k/1+k is also 
small, so retention does not contribute to 
resolution. If k is too large (approximately 
20), then there is little resolution gained by 
increasing k by lowering the temperature. 
Selectivity, α, is a measure of the relative 
strength of intermolecular interactions 
between an analyte pair and the stationary 
phase. We see several cases where a  
lack of selectivity hinders our ability to  
achieve resolution while maintaining 
our goal in this exercise of not turning 
wrenches. Finally, resolution is dependent 
on N, the number of theoretical plates,  
or efficiency. We would like the sharpest 
possible peaks, and because retention 
and efficiency are most affected by 
temperature and carrier gas flow rate, 
these are the variables that most influence 
resolution without turning wrenches.  
In our discussion, we use these three 
ideas of retention, selectivity, and efficiency 
in a broad framework, rather than 
dissecting the equation, as our examples 
are temperature programmed and 
equation 1 assumes constant temperature. 
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With the first step being to set the goals 
of the optimization, we now examine 
each of the three scenarios and see 
how each can be optimized without 
changing the column. We assume 
temperature-programmed separations 
and discuss optimizing for each case. 
In my own laboratory, we do most of 
our initial method development work on 
15 or 30 m × 0.25 mm × 0.25 μm 5% 
polydimethylsiloxane columns, so these 
dimensions will be used as examples 
throughout the discussion. Chromatograms 
were simulated using Pro-EZGC online 
software from Restek (1). To get started, 
Figure 2 shows a sample chromatogram 
of n-alkanes separated on a 15 m column 
as described above with a 10 ºC/min 
temperature program, starting at 40 ºC 
and a column flow rate of 1.5 mL/min. 
These simple conditions are typical of 
scouting runs that might be performed 

at the outset of method development for 
a new separation problem. For a simple 
comparison between runs, note the 
retention time and elution temperature of 
the last peak (dodecane) are 7 min and 
110 ºC, respectively, and the resolution 
between the last two eluted peaks is 37. 

High Resolution and High Speed 
The combination of high resolution and 
high speed is often the most challenging 
scenario. In Figure 2, there is already high 
resolution, so we can optimize for speed 
by increasing the temperature program 
rate. For most temperature-programmed 
separations, increasing the speed of 
separation, effectively reducing retention 
(k) by increasing the temperature 
programming rate, will reduce the 
resolution. In this case, this is fine because 
baseline resolution is 1.5 and our current 
resolution is 37. The injection technique 

and speed of injection can also impact 
the maximum speed of the separation. 
In fast GC, a split injection with a high 
split ratio is used to ensure the narrowest 
bands entering the column, ensuring 
a high number of theoretical plates. 
However, a split injection with a high 
split ratio increases the limit of detection 
(LOD) as more of the sample is ejected 
from the split vent instead of entering the 
column. Additionally, the column flow rate 
can be increased to drive analytes in the 
vapour phase more rapidly through the 
column, causing a potential reduction in 
the number of theoretical plates that is 
mitigated by temperature programming, 
as discussed in a previous column (2). 

Figure 3 shows two further optimized 
chromatograms of the alkane mixture. 
Figure 3(a) shows the temperature 
programming rate increased to 20 ºC/min 
and Figure 3(b) shows the separation in 
Figure 3(a) with the flow rate increased 
to 3 mL/min. In Figure 3(a), note that the 
retention time for dodecane has reduced 
to approximately 4.4 min, reducing the run 
time by approximately 35%. The resolution 
of the last two peaks is slightly lower, still 
approximately 35, because of the peak 
widths becoming smaller as the retention 
time is decreased. However, the elution 
temperature of dodecane increases 
to 128 ºC, an increase of nearly 20 ºC. 
A higher elution temperature increases 
downtime between runs, reducing the 
speed benefit. Extremely high elution 
temperatures that approach the maximum 
column temperature can reduce column 
lifetime over time. In Figure 3(b), the 
added increase to the flow rate further 
reduces the retention time of the dodecane 
peak to approximately 3.7 min and its 
elution temperature to 114 ºC, which is 
almost back to the original. Resolution 
of the last two peaks is still quite high 
(approximately 30). By increasing both 
the temperature program rate and the 
flow rate, we were able to reduce analysis 

High
Resolution

High
Capacity

(Easy)

High
Speed

FIGURE 1: Method optimization triangle. Method development and optimization can lead 
to two out of the three options.
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FIGURE 2: Simulated temperature programmed (40 ºC initial, 10 ºC/min program rate) 
separation of five alkanes (1 = octane, 2 = nonane, 3 = decane, 4 = undecane,  
5 = dodecane) on a 5% phenyl polydimethylsiloxane column (30 m × 0.25 mm,  
0.25-µm), with a flow rate of 1.5 mL/min.
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time by nearly 50% with a similar elution 
temperature and a small cost in resolution. 
This separation could be optimized even 
further for speed because there is still 
excessive resolution between the peaks; 
however, for today, we will be satisfied with 
a 50% reduction in analysis time in two 
simple steps, with little loss of resolution. 

High Speed and Ease of Use 
A requirement for both high speed and 
ease of use or high capacity also presents 
special challenges. This combination 
usually requires that the problem involve 
few analytes (and few interferences!),  
so that there is not a great need for high 
resolution. High speed usually means 
low retention, high selectivity, and high 
efficiency. Resolution is provided by 
high efficiency or selectivity and not 
by long retention. Figure 4 shows the 
separation of the five components with 
further optimizations for speed. The 
initial temperature is raised to 80 ºC, 
the temperature programming rate is 
increased to 30 ºC/min, and the flow rate 
to 5 mL/min, with a column head pressure 
of about 26 psig and a gas hold-up time 
(tM) of about 15 s. The retention time of 
the final peak is now about 1.4 min with 
an elution temperature about 120 ºC. 
The faster programming rate and higher 
initial temperature have combined to raise 
the elution temperature. However, this 
final temperature is only approximately 
40 ºC higher than the initial temperature, 
so downtime between runs would be 
significantly reduced when compared 
to the separations in Figures 2 and 3. 
Resolution between the last two peaks has 
reduced to approximately 25 but is still 
very high. This separation could be further 
optimized for speed, but the differences 
seen between Figure 4 and Figures 2 
and 3 are dramatic. Further optimization 
can be tried using this online simulator 
or by method translation (3). With three 
simple changes, increased temperature 
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FIGURE 3: Simulated chromatograms of the alkane mixture with further optimization. 
(a) Temperature program rate increased to 20 ºC/m, (b) flow rate increased to 3 mL/min.
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FIGURE 4: Simulated high speed separation of the five alkanes on the same column and 

conditions as Figures 2 and 3 except initial temperature = 80 ºC, temperature program  

rate = 30 ºC/min, and flow rate = 5 mL/min. 
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FIGURE 5: Chromatogram of a diluted brown mousse sample from the 2010 Deepwater 
Horizon oil spill in the Gulf of Mexico. There was 100 mg of brown emulsion in 2 mL 
pentane in the vial. Injection splitless: 250 ºC, 0.75 min, 14.5 psi constant pressure. 
Column: 5% phenyl polydimethylsiloxane, 15 m × 0.25 mm, 0.25-µm, 40 ºC, 1 min,  
10 ºC/min to 300 ºC and hold. Detector: MSD EI 70 eV, Full scan 40–600 amu.

21www.chromatographyonline.com

GC CONNECTIONS



programming rate, increased initial 
temperature, and increased flow rate, we 
have reduced the run time by 80% and the 
downtime between runs by approximately 
50%, with a resolution loss of about 30%. 

High Resolution and Ease of Use 
Ease of use or high capacity and high 
resolution require a slower analysis; these 
are at the apex of the triangle in Figure 1 
farthest from speed. In this case, high 
resolution comes from selectivity. The 
column with the most separating power will 
also likely have high retention and require 
less efficiency. Classical separations of 
petroleum-related samples on nonpolar 
stationary phases such as the one 
shown in Figure 5 illustrate this problem. 
This sample of brown mousse from the 
surface of the Gulf of Mexico during the 
Deepwater Horizon oil spill in 2010 was 
prepared by placing about 100 mg of 
the brown mousse in a vial and diluting 
with pentane, so the sample preparation 
was very simple. The conditions, shown 
in the caption, are very common and 
simple. As seen from this figure, while the 
separation efficiency is quite high and the 
retention is strong, there is not enough 
selectivity to achieve a full separation of 
the many components of this mixture in 
a simple analysis. This sample could be 
better separated by a lower temperature 
programming rate, but this 15 m, thin-film 
column alone lacks the separation 
power to fully separate this mixture. 

Although this is a much slower analysis 
than those presented in the simulated 
chromatograms in Figures 2–4, it is 
not slow enough to fully separate this 
highly complex mixture. Samples like 
this one led to the rapid development of 
multidimensional techniques, such as 
comprehensive two-dimensional gas 
chromatography (GC×GC), over the 
past decade (4). In analyses like this, 
sample preparation and injection are 
often quite simple, with high split ratio 

split injection employed for both simplicity 
and to ensure narrow peak width. 

Summary
There is much method optimization that 
can be done without turning any wrenches. 
Looking back at the analysis goals, broadly 
at equation 1 and thinking about capillary 
columns in general, we see that even 
relatively short columns can have high 
plate numbers, with the 15 m columns 
discussed here having plate numbers 
around 50,000. Retention is controlled 
using temperature, with lower temperatures 
and lower temperature program rates 
leading to longer retention. Flow rate can 
be used as a final optimization to speed  
up the analysis with a higher flow rate.  
In temperature programming, higher flow 
rates lead to lower elution temperatures 
with surprisingly small effect on resolution; 
lower elution temperatures can increase 
column lifetime. In my own laboratory, 
we start with a column like the 15 m 
column described here and optimize the 
separation as far as we can before getting 
out the wrenches and changing the column. 

Remembering Harold McNair
Finally, I close with some sad news. 
My research, career, and life mentor, 
Professor Harold M. McNair, passed 
away on 27 June 2021, at peace and 
surrounded by his family, in Blacksburg, 
Virginia, USA. He was 88 years old. 
Harold was a man of the world whose 
work in research, teaching, and being 
a great mentor and friend touched 
everyone who practices GC. His career 
as a chromatographer spanned over 
60 years, including publications in 
every decade from the 1950s to the 
2010s. In 1959, he authored the first 
PhD thesis on GC in the United States. 
His most recent paper was published 
in 2019. If you took a webinar or short 
course online over the past year, or ever 
took a short course, you have Harold 

McNair to thank for the idea of short 
courses in chromatography, which he 
started in the 1960s. His classic book, 
Basic Gas Chromatography, has been 
published all over the world since the 
first edition in 1965 and set the original 
standard for training books and manuals 
(5). Basic GC brought GC into the 
mainstream and made GC accessible 
to all scientists, not just chemists 
and chromatography specialists. I 
plan on writing more about Harold, 
lessons from his work, and his impact 
on chromatography and analytical 
science in an upcoming column.
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Q. You recently developed a 

fast gas chromatography–mass 

spectrometry (GC–MS) method 

for efficacy assessment of natural 

antioxidants (1). Why is this 

type of analysis important?

A: As part of Unilever’s commitment to 
help people transition towards healthier 
diets, we are reducing the levels of 
unhealthy saturated fats in our products 
by replacing them with more healthy 
unsaturated oils. These unsaturated 
lipids are more prone to lipid oxidation, 
resulting in a poor smell and a rapid 
loss of product quality. To avoid this, 
antioxidants are needed. Up till now 
synthetic chemicals were used to this 
end, but we now try to use “nature’s 
ingenuity”. Nature has not only provided 
us with unsaturated fatty acids, but 
also with natural antioxidants! Many 
spices and herbs, for example, have 
antioxidant properties. It is just that 
you need to find which spices and 
herbs work and for that you need 
to test them. But because there are 
many potential natural antioxidant 
sources you need to test a lot of them. 
Hence the method needs to be fast. 

Q. What is novel about the method 

you developed and what benefits 

does it offer the analyst?

A: In literature you will find many 
methods for testing antioxidant 
efficacy. Unfortunately, most of 
these methods are very far from 
reality. They test radical scavenging 
activity, metal chelation capacity, 
or oxygen scavenging. We wanted 
a test where we are much closer 
to reality. We wanted to monitor a 
lipid over its shelf life and monitor 
the products that are causing the 
rancid smell of oxidized lipids. 
Hexanal is one of these species. 
We have therefore developed an 
assay where we oxidize lipids 
under realistic, yet accelerated, 
conditions and can monitor the 
effects of antioxidants by following 
a key product of the oxidation 
reaction. The main novelty for me 
is the much more realistic nature 
of our assay. Moreover, the method 
is very fast. One measurement 
takes less than 2 min. The method 
is also safe for the analyst. There 
are no toxic chemicals involved. 
Just sunflower oil, salt, and air.

Q. Were there any particular 

difficulties you had to overcome 

when developing the method? 

A: There were numerous difficulties. 
First, there are many potential food 

ingredients in nature that have an 
antioxidant capacity. So, we had to 
narrow the area in which we would 
search. Spices and herbs were 
a logical focus area because we 

Fast GC–MS for Analyzing 
Antioxidants and Industrial 
Food Analysis Applications
LCGC Asia Pacific spoke to Hans-Gerd Janssen from the Unilever Foods Innovation Centre in The Netherlands, 
about the advantages of a novel, rapid method to analyze antioxidants that inhibit oxidation, and he explains 
that the maturity of gas chromatography (GC) technology is actually an advantage to the analyst. 

Interview by Alasdair Matheson, Editor-in-Chief, LCGC Asia Pacific

Hans-Gerd 
Janssen is 
Science Leader 
Chromatography 
and Mass 
Spectrometry at 

the Unilever Foods Innovation 
Centre, in Wageningen, 
The Netherlands. He is 
also a part-time professor 
at Wageningen University 
on the special chair 
of recognition-based 
analytical chemistry. His 
research interests include 
the development of 
chromatographic systems, 
methods, and theories for 
food analysis and other 
applications. He has a Ph.D. 
degree in analytical chemistry 
from Eindhoven University 
(The Netherlands) and has 
over 35 years of experience 
in chromatography research.  

23www.chromatographyonline.com

FOOD ANALYSIS FOCUS



wanted to stabilize dry soups and 
sauces. But even with this focus 
there were still many possibilities to 
test and we also knew there could  
be rather strong synergy effects.  
We clearly needed a fast method.  
We also wanted to be realistic, 
meaning that we wanted to study the 
actual oxidation reaction, not some 
type of partial aspect of the complex 
process of oxidation. So, we needed 
to accelerate the ageing in a realistic 
way. We studied many routes for 
acceleration and asked our sensory 
experts to make sure that the 
off-smell in the accelerated ageing  
was the same as in real ageing.  
We had already fixed hexanal as 
the read-out for the assay, but we 
needed to find a fast method to 
measure it rapidly at very low  
levels. GC–MS with selected ion 
monitoring provided the solution 
here. A final problem was caused 
by the heterogeneity of many 
spices and herbs. We needed to 
take at least 50 to 200 mg to be 
representative. But this meant that a 
rather large volume of oil was needed. 
In the end our assay was done in 
250-mL jars. There were many of 
them, some 200, so we needed a 
large climate cabinet for ageing. 

Q. What were your main findings?

A: The main findings we have 
patented. We found mixtures of  
three to five common spices or herbs 
in specific ratios that exert very 

strong antioxidant effects.  
From an analytical perspective I 
would say the main finding was 
the high speed and reliability of 
headspace GC–MS measurements 
of hexanal. By now we are probably 
close to 10,000 injections without any 
major instrumental problems. The 
rapid hexanal method is now used 
not only to find new antioxidants, but 
also to study shelf life stability of 
our new range of plant-based meat 
alternatives. We are also thinking of 
using fast GC–MS on short columns 
in other applications, such as the 
dynamic release of flavours from ice 
cream or the formation of Maillard 
reaction flavours in cooking. 

Q. Are there any specific 

method development strategies 

that can turn a “standard” GC 

method into a “fast GC–MS” 

method in food analysis?

A: We are very much used to GC 
runs that take half an hour and 
basically take that for granted. 
Admittedly, with fully automated 
systems this means you can still  
do some 50 analyses each day.  
Such a speed you can probably not 
meet with the sample preparation, 
data interpretation, and all the 
paperwork. I think very often 
the actual GC run is not the 
rate-determining step. But if you 
are interested in a shorter run 
time the use of a column with a 
slightly reduced inner diameter 
is a very simple option. We used 
a 150 micrometre column. Such 
a column is roughly twice as fast 
as the standard 320-µm column. 
Reducing the column length is also 
a simple way to reduce time, at 
least if you have over-resolution. 
Finally, GC–MS allows you to 
separate compounds that are not 

chromatographically resolved 
simply by exploiting mass spectral 
differences. This is also a good 
method for reducing the analysis time.

Q. GC is often regarded as a 

mature technology. Are there 

any technology developments 

in GC that offer the analyst “new 

horizons” in food analysis or 

any areas of GC that you find 

particularly innovative?

A: GC is absolutely a mature 
technology. But that should not be 
interpreted as the technique is dull, 
no longer important, and not relevant 
anymore. GC continues to be a very 
important workhorse in the analytical 
laboratory. GC being mature also 
means it is reliable, it has proven its 
value, and, just as for people, we 
should think of “lifelong learning 
and improvement” rather than allow 
people or techniques to dwindle into 
oblivion. Field-portable instruments 
that can be used by less-experienced 
users, stable retention times that can 
be repeated in other laboratories, 
and elimination of the need for 
calibration are just a few fields where 
there is still a lot of work to be done. 
Recent developments that I think are 
important include the better software 
we now have for comparisons of 
chromatograms, hyphenated systems 
for complex analyses such as mineral 
oil saturated hydrocarbons/mineral 
oil aromatic hydrocarbons (MOSH/
MOAH) analysis, and high-resolution 
mass spectrometry. We should also 
not forget improvements in the sample 
preparation area, such as SPME 
Arrow and thin-film microextraction. 
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Sample Filtration
Teknokroma’s range of Olimpeak filter vials provide 
efficient, safe, fast, and sustainable sample filtration prior to 
HPLC analysis, according to the company. Manufactured 
from highly inert, high purity materials and designed for 
easy use, they fit directly into most autosamplers and are 
reportedly the ideal solution for laboratories of all sizes. 
They are available with a wide variety of membranes.

https://www.teknokroma.es/en/products/sample-preparation/filtration/filter-vials/ 
Teknokroma Analítica S.A., Barcelona, Spain.

Lab System
The Verity CPC Lab MS System is an automated, 
cost-effective, liquid–liquid purification system that 
streamlines your workflow and allows you to isolate 
added-value molecules with high yields and purity 
quickly. According to the company, this system is 
accurate, efficient, easy-to-use, and requires  
minimal maintenance.

www.gilson.com
Gilson Inc, Middleton, Wisconsin, USA.

GC Detector
VICI’s Model D-3-1-8890 is a plug-and-play 
pulsed discharge detector for easy installation and 
configuration on the Agilent 8890 GC. It is optimized 
for trace-level work in helium photoionization mode, 
and is a non-radioactive, low maintenance universal 
detector with a wide linear range, according to  
the company. It also utilizes the electronics and power supply of the host GC. 

www.vici.com
VICI AG International, Schenkon, Switzerland.

Mass Spectrometer
The first-of-its-kind MALDImini-1 digital ion trap 
mass spectrometer combines the smallest 
footprint, minimum time, and micro-quantity 
sample volume for high-sensitivity MSn 
measurements, according to the company.  
It can also be used by researchers working on 
glycan-related substances in the context of the COVID-19 disease.

www.shimadzu.eu 
Shimadzu Europa GmbH, Duisburg, Germany.

Multi-Angle Light 
Scattering
The ultraDAWN measures 
multi-angle light scattering and 
reports the results—molecular 
weight, size, and particle 
concentration—in real time.  
With real-time multi-angle light 
scattering (RT-MALS), critical 
quality attributes can be monitored 
directly, for rapid feedback on 
product and process quality during 
the production of nanoparticles, 
biopharmaceuticals, and polymers.

www.wyatt.com
Wyatt Technologies, Santa 
Barbara, California, USA.

Method Translator
Pro EZLC method translation 
software makes it possible to scale 
down an existing LC method to 
a smaller column format so that 
users can speed up run time, 
increase sample throughput,  
and reduce solvent use, according 
to the company. The user can input 
current column dimensions and 
method conditions, then specify 
the dimensions of the new column 
that they want to try.

www.restek.com/Pages/Pro-
EZLC-Method-Translator
Restek Corporation, Bellefonte, 
Pennsylvania, USA.
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Column Selection App
Columns are the heart of any GPC/SEC system. However, it can be a  
challenge to find the best matching column from the wide range of options. 
PSS has therefore developed the Column Selection App to support users.  
The app offers the following choices: how to replace existing columns, column 
recommendations, USP methods/EP 
methods, and application searches.

www.psscolumnselector.com
PSS GmbH, Mainz, Germany.

Electrochemical Detector for HPLC
Antec Scientific’s Decade Elite is designed as an easy-
to-use electrochemical detector that can integrate with 
any LC system. When used with the SenCell,  
it becomes the most sensitive electrochemical detector 
by today’s standard, according to the company. 
With software drivers for Chromeleon, OpenLab, 
ChemStation, Clarity, and many more.

https://antecscientific.com/decade-elite
Antec Scientific, Zoeterwoude, The Netherlands.

HPLC Columns
YMC-SEC MAB columns are specially designed for the 
HPLC analysis of antibodies, their fragments, or  
aggregates by size-exclusion chromatography. 
According to the company, they are ideal for the 
high-resolution analysis of both the high- and low-molecular-weight species. The 
silica-based YMC-SEC MAB columns ensure excellent lot-to-lot reproducibility 
and full compatibility with light scattering detection due to their high inertness.

www.ymc.co.jp
YMC Co., LTD., Kyoto, Japan.

EAF4 System
Postnova’s simultaneous electrical and asymmetrical flow field-flow fractionation 
(EAF4) system is designed to enhance separation and characterization of 
biopharmaceutical, environmental, and nanomaterials. In an EAF2000 system, 
electrical and cross flow fields are applied simultaneously, enabling separations 
by particle size and particle charge based on electrophoretic mobility to 
characterize complex proteins, antibodies, and 
viruses, as well as environmental and charged 
nanoparticles or polymers.

www.postnova.com
Postnova Analytics GmbH, Landberg, Germany.

Positive Pressure 
Manifold
UCT’s 48-position positive 
pressure manifold features the 
same rugged performance 
end-users expect, but now has a 
streamlined, compact footprint, 
according to the company.

www.unitedchem.com
UCT inc, Bristol, Pennsylvania, 
USA.

Autosampler Parts
The Sciencix CTS-21591 PM Kit 
is designed for G4226A models 
of the Agilent 1290 autosampler 
and includes a metering device 
seal, peristaltic pump, rotor seal, 
needle assembly, and needle 
seat to maintain consistent  
peak performance.

www.sciencix.com 
Sciencix, Inc., Burnsville, 
Minnesota, USA.
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