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Abstract
Volatile organic compounds (VOCs) exposure can have
long term health effects. The accurate quantification
of VOC metabolites is conducted, in this article,
using direct infusion mass spectrometry (DIMS).
The optimised DIMS method shows comparable
classification and prediction capability to LC-MS and
GC-MS but consumed only 5% of the analysis time,
decreasing costs and improving productivity.

Introduction
Volatile organic compounds (VOCs)
VOCs are organic chemicals that have high vapor
pressure at room temperature. Consequently, large
numbers of molecules evaporate in the surrounding air.
VOCs are classified in naturally occurring chemical
compounds and human-made derived substances.
The first category comprises substances produced
by plants for communication and scents.1 According
to their biosynthetic origin and chemical structure,
plant volatiles can be grouped into isoprenoids or
terpenoids, but also oxygenated VOCs (e.g. methanol
(CH4O), acetone (C3H6O), acetaldehyde (C2H4O),
methyl-ethyl-ketone (MEK, C4H8O) and methylvinyl-ketone (MVK, C4H6O)), sulphur compounds and
furanocoumarins.2 Anthropogenic VOCs derive from
the emissions of power and industrial plants, chemical
production, petroleum refining and vehicle engines.
Harmful VOCs are not usually acutely toxic, but can
have long-term health effects. Long-term exposure
to certain VOCs may increase the risk for cancer, birth
defects, and neurocognitive impairment.
For example, acrolein is a substance ubiquitously
present in cooked food and in the environment. It is
formed from carbohydrates, vegetable oils, animal fats,
and amino acids during heating, and by combustion
of petroleum fuels and biodiesel. However, smoking
of tobacco products is typically the largest source of
acrolein exposure. Acrolein can induce necrotic and
apoptotic cell death in humans.3 Acrylamide is formed
during the heating of carbohydrate rich food and is
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used for the production of polymers, formulation
of cosmetics and body care products, and in the
textile industry. It is carcinogenic and mutagenic.4
Acrylonitrile is a VOC widely used in the manufacture
of plastics, acrylic fibres, and synthetic rubber.
It is considered as a probable human carcinogen.5
Similarly, benzene, toluene, and xylene are known to
be carcinogenic in humans.6 1,3-butadiene is mainly
used alone in the production of synthetic rubber, or
as a copolymer with styrene. It is also found in
automobile exhaust, exhaust from heating, and
cigarette smoke. 1,3-butadiene is carcinogenic to
humans by inhalation.7 N, N-dimethylformamide
(DMF) is a solvent that is used in the production of
electronic compounds, pharmaceutical products,
textile coatings and in the manufacture of synthetic
leather, polyurethane, and polyacrylonitrile fibres.
It is found to be carcinogenic in humans.8 Styrene is
one of the most important chemicals used worldwide
to manufacture plastics, synthetic rubber and resins.
It is also an environmental contaminant present in
food, tobacco, and engine exhaust. It is classified as a
possible carcinogenic to humans.9
Vinyl chloride exposure can cause angiosarcoma.10
Perchloroethylene, 1-bromopropane, and
trichloroethene are constituents of tobacco smoke and
are widely used in dry cleaning and metal degreasing
solvents. They are a hazardous air pollutant and a
common contaminant detected at waste sites.11
VOC measurement challenges and commonly
used methods
VOCs metabolites are useful biomarkers for assessing
VOCs exposure. However, most of the VOCs are only
in very low concentrations (ppt to ppb) in biological
samples. Therefore, the accurate quantification
demands a technique with great sensitivity,
selective to the target VOC, reliable and user friendly.
Originally VOCs measurements were made using
Gas Chromatography with flame ionization detector
(GC-FID) or mass detector (GC-MS). However, when
conducting environmental analysis using a GC mass

spectrometer there are numerous inefficiencies,
such as laborious and expensive sample preparation
stages, and long chromatographic run times. As a
result, liquid chromatography-mass spectrometry
(LC-MS) solutions were introduced that are less timeconsuming and have simpler sample preparation.
Such methods are characterised by the direct injection
of a water sample with no need for derivatisation, short
chromatographic run times, and screening for a wider
range of compounds in a single analysis.
Although being beneficial to comprehensive analysis, the
chromatographic step of LC-MS limits the throughput,
especially when the number of samples is large.
Furthermore, there can be possible loss of some relevant
analytical signals or the generation of artefacts by erratic
retention time shift correction or background subtraction.
Alternatively, direct infusion mass spectrometry (DIMS)
provides a high throughput and more concise raw data
than LC-MS by avoiding any chromatographic steps.
Electrospray ionisation (ESI) is the most common method
used for ionisation in the DIMS analysis of VOCs. The
electrospray process ionization is accomplished by
the loss or gain of a proton or other adducts, such as
Cl- ions in negative ion mode or K+ and Na+ in positive
ion mode. The formation of such adducts is highly
dependent on the salt content of the sample matrix. ESI
produces minimal (usually no) fragmentation and the
protonated or deprotonated analyte is referred to as
the ‘‘pseudo molecular ion’’ of the parent molecule. This
property means that DIMS analytical approaches using
electrospray ionisation are able to directly predict m/z
signal identity based on measured mass. The lack of
extensive molecular fragmentation during electrospray
ionisation results in reproducible ionization patterns for
extracts representing similar biological matrices, and
offers an experimental robustness suitable for larger
scale investigations.12

organic compounds and formic acid in water 0.01%
v/v for hydrophilic compounds. Capillary used for the
infusion has internal diameter of 0.01 mm and length
of 1 meter. Mass condition are summarised in table 1.
Nebulizing gas flow

2.9 L/min

Heating gas flow

10 L/min

Interface temperature

300°C

DL temperature

250°C

Heat block temperature

400°C

Drying gas flow

10 L/min

Table 1. Mass conditions

Results and discussion
Table 2 lists examples of used mass fragments for
quantification.
Substance

m/z

ESI condition

Benzene

78

+

Methyl ethyl ketone

73

+

Acetone

59

+

Ethanol

47

+

Table 1. Mass conditions

Figure 1 shows the mass spectrum obtained for
benzene.

Materials and method
Materials
VOCs standards were bought from Sigma Aldrich
(Sigma-Aldrich S.R.L., Milan). acetonitrile, N-hexane
and water were obtained from Carlo Erba (Carlo Erba
reagents, Milan).
Figure 1. Mass spectrum of benzene by DIMS

Sample preparation
VOCs characterised by strong lipophilicity are
extracted from urinary and blood matrix by liquidliquid extraction with N-hexane (ratio 1:2 matrix\Nhexane). While compounds with negative LogP are
directly injected into the mass detector.
DIMS conditions
Sample are analysed with LCMS-8060 of Shimadzu
(Shimadzu Italia S.R.L., Milan) using injection volume
of 5μl. Mobile phase is acetonitrile (or n-hexane) for

The optimised methods permit analyses of VOCs in
less than one minute with no need of derivatisation.
DIMS has comparable classification and prediction
capabilities to LC-MS but consumes only 5% of
the analysis time, decreasing costs and improving
productivity. However, matrix effects are inevitable
because the samples are infused together without
separation, which may result in reduced sensitivity
and deteriorated capability for metabolite
identification. In order to minimise such an effect,
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the mobile phase should coincide with those used
to extract the analyte from the biologic matrix.

Conclusion
A method using direct infusion mass spectrometry
was developed to analyse VOCs. DIMS shows a similar
classification and prediction capability to LC-MS and
GC-MS but with the advantage of having a much higher
throughput without chromatographic steps. DIMS can
potentially be further developed as a fast-diagnostic
method for VOCs exposition.
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Email –This continues to be our preferred method for
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Communications and the IST
We are working hard to ensure that we provide our
members with the best service that we can, and one of
the areas that we have updated is our communications.
There are now a number of ways in which we can stay
in contact and provide information for our members.

Not working in science or
science technology?

Website (istonline.org.uk) – We post both important
announcements and general information that we think
will be useful for our members on our website, so visit
us there on a regular basis to see updates.
Social Media – We use social media routes for quick
communications, networking and hope to encourage
both members and non-members alike to engage in
online discussions and provide ideas and feedback.
The platforms that we use are:
Twitter (@istonline) – we encourage ideas, feedback,
and discussions using #istforum
Facebook (@istonline.org.uk) – feedback, ideas and
comments welcome
LinkedIn and Google+ – join in group discussions,
links through to these groups (and our Twitter account
and Facebook page) are available on our website.
John-Paul Ashton MIScT, RSci IST Social
Media Engagement Advisor

The Institute of Science and Technology is uniquely
an organisation run by technical people for technical
people. We support these incredibly important staff in
all areas, not just science but technologists in all fields.
As the professional body for specialist, technical,
and managerial staff, we are actively involved in the
professional recognition of technical staff in education,
research, government, and industry. It is our view that
our Registration Schemes are essential to establish
your professional standing, acknowledge your expertise,
and to enhance your career prospects.
People who work in technical roles in non-science fields,
such as arts and media, may not be eligible to join the
Science Council’s Registers, but the IST recognises the
exceptional work that these technical people do. We are
committed to providing all our members with a means to
endorse their status and to enable them to demonstrate
transferable skills, up-to-date professional competence
and continuing professional development. We do this
through our Registered Practitioner Scheme, and by
the designation of MIScT(Reg) or FIScT(Reg) status to
members who meet the criteria.

Criteria for Registration include:
• Corporate Membership of the Institute of Science &
Technology
• Qualifications judged to be of an acceptable
standard
• Appropriate experience (in terms of breadth, depth,
and length
Importantly, there is also a route for mature applicants
who have achieved a high standard of professional
competence but who may not have the formal
academic qualifications.
Registration is renewed each year with evidence of
Professional and Personal Development. There is a
small fee for admission to the Register and a nominal
annual renewal fee.

Want to find out more?
Visit: istonline.org.uk
Follow us on Twitter @istonline

Chartered Scientist
Registered Scientist
Registered Practitioner
Registered Science Technician
IST CPD Award
Since 1987, the IST has operated a register of
competent and qualified technical practitioners
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