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Introduction

This Application Note is a compilation of publications and
representative presentations that cite Markes’ products.
The aim is to allow the reader to quickly identify relevant
citations in the literature, as well as to demonstrate the
versatility of Markes’ equipment across the whole range
of VOC analytical applications. 

Where available, links to the original sources are
provided; if none is given, please contact us
(enquiries@markes.com) to check on availability.

Within each subsection, citations are presented in
reverse chronological order, and the products covered
appear in bold type at the end of each entry. These
products are briefly described below – to visit the
relevant webpage, please click on the product name.

Air Server For canisters and on-line sampling

Bio-VOC For non-invasive breath monitoring

CIA Advantage Automated analyser for canisters

Easy-VOC Easy-to-use grab-sampler

µ-CTE The Micro-Chamber/Thermal Extractor

MTS-32 Multi-tube sampler

TargetView Software for compound identification

TC-20 Multi-tube conditioner

TD-100 Automated 100-tube thermal desorber

TT24-7 For continuous on-line monitoring

TubeTAG Sorbent tube tagging and tracking

UlTrA 100-Tube autosampler

UNITY Universal TD platform for single tubes

VOC-Mole For below-ground VOC monitoring.
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Key

Book

Conference presentation or poster
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General

E. Woolfenden, Thermal desorption for gas chromatography, in: Gas Chromatography,
ed. C.F. Poole, Elsevier, 2012, chapter 10, pp. 235–289.
http://www.elsevier.com/wps/find/bookdescription.cws_home/727845/description#description

Air Server     CIA 8     µ-CTE     TargetView     TD-100     TT24-7     UlTrA     UNITY

E. Woolfenden, Sorbent-based sampling methods for volatile and semi-volatile organic
compounds in air. Part 1: Sorbent-based air monitoring options, Journal of Chromatography A, 2010, 1217:
2674–2684.
http://dx.doi.org/10.1016/j.chroma.2009.12.042

Air Server     CIA 8     UlTrA     UNITY

E. Woolfenden, Sorbent-based sampling methods for volatile and semi-volatile organic compounds in air. Part 2:
Sorbent selection and other aspects of optimizing air monitoring methods, Journal of Chromatography A, 2010,
1217: 2685–2694.
http://dx.doi.org/10.1016/j.chroma.2010.01.015

Bio-VOC     UlTrA     UNITY     VOC-Mole

Environmental monitoring

General

N. Watson and K. Thaxton, Making tube sampling easy: The development of a new type
of ‘grab sampler’, Pittcon, Orlando, FL, USA, March 2012.
http://www.markes.com/downloads/publications.aspx

Easy-VOC     TD-100

N. Watson, S. Davies and D. Wevill, Air monitoring: New advances in sampling and detection, The Scientific

World Journal, 2011, 11: 2582–2598.
http://dx.doi.org/10.1100/2011/430616

CIA Advantage TD-100

N. Ramírez, A. Cuadras, E. Rovira, F. Borrull and R.M. Marcé, Comparative study of solvent extraction and
thermal desorption methods for determining a wide range of volatile organic compounds in ambient air,
Talanta, 2010, 82: 719–727.
http://dx.doi.org/10.1016/j.talanta.2010.05.038

MTS-32     UlTrA     UNITY

D. Wevill, S. Davies and J. Dwan, Recent enhancements to monitoring volatiles in air by thermal desorption,
Pittcon, Chicago, IL, USA, March 2009.
http://www.markes.com/downloads/publications.aspx

Air Server     UlTrA     UNITY

M. Bates, P. Bruno, M. Caputi, M. Caselli, G. de Gennaro and M. Tutino, Analysis of polycyclic aromatic
hydrocarbons (PAHs) in airborne particles by direct sample introduction thermal desorption GC/MS,
Atmospheric Environment, 2008, 42: 6144–6151.
http://dx.doi.org/10.1016/j.atmosenv.2008.03.050

UlTrA     UNITY

M.A. Parra, D. Elustondo, R. Bermejo and J.M. Santamaría, Quantification of indoor and outdoor volatile organic
compounds (VOCs) in pubs and cafés in Pamplona, Spain, Atmospheric Environment, 2008, 42: 6647–6654. 
http://dx.doi.org/10.1016/j.atmosenv.2008.04.026

UNITY

M. Caputi, Monitoring of volatile organic compounds and polycyclic aromatic compounds in atmosphere (Ph.D.
thesis), University of Bari, Italy, 2004.

UlTrA     UNITY
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Industrial

M. Amodio, G. de Gennaro, A. Marzocca, L. Trizio and M. Tutino, Assessment of impacts
produced by anthropogenic sources in a little city near an important industrial area
(Modugno, Southern Italy), The Scientific World Journal, 2013, article no. 150397.
http://dx.doi.org/10.1155/2013/150397

UlTrA     UNITY

N. Ramírez, A. Cuadras, E. Rovira, F. Borrull and R.M. Marcé, Chronic risk assessment of
exposure to volatile organic compounds in the atmosphere near the largest Mediterranean industrial site,
Environment International, 2012, 39: 200–209.
http://dx.doi.org/10.1016/j.envint.2011.11.002

UlTrA     UNITY

S.M. Alston, A.D. Clark, J.C. Arnold and B.K. Stein, Environmental impact of pyrolysis of mixed WEEE plastics.
Part 1: Experimental pyrolysis data, Environmental Science & Technology, 2011, 45: 9380–9385.
http://dx.doi.org/10.1021/es201664h

UlTrA     UNITY

B. Pekey and H. Yilmaz, The use of passive sampling to monitor spatial trends of volatile organic compounds
(VOCs) at an industrial city of Turkey, Microchemical Journal, 2011, 97: 213–219.
http://dx.doi.org/10.1016/j.microc.2010.09.006

UNITY

M.Y. Civan, O.O. Kuntasal and G. Tuncel, Source apportionment of ambient volatile organic compounds in
Bursa, a heavily industrialized city in Turkey, Environmental Forensics, 2011, 12: 357–370
http://dx.doi.org/10.1080/15275922.2011.622345

UNITY

R. Lindahl, A.-S. Claesson, M.A. Khan and J.-O. Levin, Development of a method for the determination of
naphthalene and phenanthrene in workplace air using diffusive sampling and thermal desorption GC-MS
analysis, Annals of Occupational Hygiene, 2011, 55: 681–687.
http://dx.doi.org/10.1093/annhyg/mer039

TC-20

L.T. Budnik, S. Fahrenholtz, S. Kloth and X. Baur, Halogenated hydrocarbon pesticides and other volatile organic
contaminants provide analytical challenges in global trading, Journal of Environmental Monitoring, 2010, 12:
936–942.
http://dx.doi.org/10.1039/b918428g

Air Server     UNITY

S.M. Fahrenholtz, H. Hühnerfuss, X. Baur and L.T. Budnik, Determination of phosphine and other fumigants in
air samples by thermal desorption and 2D heart-cutting gas chromatography with synchronous SIM/scan mass
spectrometry and flame photometric detection, Journal of Chromatography A, 2010, 1217: 8298–8307.
http://dx.doi.org/10.1016/j.chroma.2010.10.085

Air Server     UNITY

E. Kabir and K.-H. Kim, An on-line analysis of 7 odorous volatile organic compounds in the ambient air
surrounding a large industrial complex, Atmospheric Environment, 2010, 44: 3492–3502.
http://dx.doi.org/10.1016/j.atmosenv.2010.06.021

Air Server     UNITY

T. Ruan et al., Presence and partitioning behavior of polyfluorinated iodine alkanes in environmental matrices
around a fluorochemical manufacturing plant: Another possible source for perfluorinated carboxylic acids?,
Environmental Science & Technology, 2010, 44: 5755–5761.
http://dx.doi.org/10.1021/es101507s

UNITY
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M. Ruchirawat, P. Navasumrit and D. Settachan, Exposure to benzene in various susceptible populations:
Co-exposures to 1,3-butadiene and PAHs and implications for carcinogenic risk, Chemico-Biological

Interactions, 2010, 184: 67–76.
http://dx.doi.org/10.1016/j.cbi.2009.12.026

UNITY

P. Tsytsik, J. Czech, R. Carleer and A. Buekens, Thermal extraction of dioxin surrogates and precursors from
filter dust: Effects of temperature, time, and matrix, Environmental Engineering Science, 2010, 27: 657–668.
http://dx.doi.org/10.1089/ees.2010.0050

UNITY

R. Pal et al., Reduced sulfur compounds in ambient air surrounding an industrial region of Korea,
Environmental Monitoring and Assessment, 2009, 148: 109–125.
http://dx.doi.org/10.1007/s10661-007-0143-z

UNITY

Q. Zhang, C. Wang, H. Bai, X. Wang, T. Wu and Q. Ma, Determination of aromatic amines from azo dyes
reduction by liquid-phase sorbent trapping and thermal desorption-gas chromatography-mass spectrometry,
Journal of Separation Science, 2009, 32: 2434–2441.
http://dx.doi.org/10.1002/jssc.200900089

TC-20     UlTrA     UNITY

K.-H. Kim, E.-C. Jeon, Y.-S. Koo, M.-S. Im and Y.-H. Youn, An on-line analysis of reduced sulfur gases in the
ambient air surrounding a large industrial complex, Atmospheric Environment, 2007, 41: 3829–3840.
http://dx.doi.org/10.1016/j.atmosenv.2007.01.032

Air Server     UNITY

M.R. Ras-Mallorquí, R.M. Marcé-Recasens and F. Borrull-Ballarín, Determination of volatile organic compounds
in urban and industrial air from Tarragona by thermal desorption and gas chromatography–mass spectrometry,
Talanta, 2007, 72: 941–950.
http://dx.doi.org/10.1016/j.talanta.2006.12.025

UlTrA     UNITY

Urban

K.-H. Kim et al., Volatile organic compounds in ambient air at four residential locations
in Seoul, Korea, Environmental Engineering Science, 2012, 29: 875–889.
http://dx.doi.org/10.1089/ees.2011.0280

UNITY

H. Hellén, T. Tykkä and H. Hakola, Importance of monoterpenes and isoprene in urban
air in northern Europe, Atmospheric Environment, 2012, 59: 59–66.
http://dx.doi.org/10.1016/j.atmosenv.2012.04.049

UlTrA     UNITY

S. Krol, B. Zabiegala and J. Namieśnik, Measurement of benzene concentration in urban air using passive
sampling, Analytical and Bioanalytical Chemistry, 2012, 403: 1067–1082.
http://dx.doi.org/10.1007/s00216-011-5578-y

UNITY

B. Wang, G. Parcsi, E.C. Sivret, S. Kenny, X. Wang and R.M. Stuetz, Volatile organic compound (VOC) emissions
from sewer networks in Sydney, OzWater2012, Sydney, Australia, May 2012.
https://score.org.au/knowledge-base/publications/theme-2-gas-phase

UlTrA     UNITY

N. Watson, Automated analysis of canister air and gas – A cryogen-free solution, International Labmate,
January/February 2012, pp. 6–7.
http://www.labmate-online.com/articles/mass-spectrometry-and-spectroscopy/41/dr_nicola_watson/

automated_analysis_of_canister_air_and_gas_-_a_cryogen-free_solution/1118/

CIA Advantage
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J. Susaya, K.-H. Kim, N.-T. Phan and J.-C. Kim, Assessment of reduced sulfur compounds in ambient air as
malodor components in an urban area, Atmospheric Environment, 2011, 45: 3381–3390.
http://dx.doi.org/10.1016/j.atmosenv.2011.03.051

Air Server     UNITY

M.Y. Civan, O.O. Kuntasal and G. Tuncel, Source apportionment of ambient volatile organic compounds in
Bursa, a heavily industrialized city in Turkey, Environmental Forensics, 2011, 12: 357–370.
http://dx.doi.org/10.1080/15275922.2011.622345

UNITY

L. Kliucininkas et al., Indoor and outdoor concentrations of fine particles, particle-bound PAHs and volatile
organic compounds in Kaunas, Lithuania, Journal of Environmental Monitoring, 2011, 13: 182–191.
http://dx.doi.org/10.1039/c0em00260g

UlTrA     UNITY

S. Vardoulakis, E. Solazzo and J. Lumbreras, Intra-urban and street scale variability of BTEX, NO2 and O3 in
Birmingham, UK: Implications for exposure assessment, Atmospheric Environment, 2011, 45: 5059–5078.
http://dx.doi.org/10.1016/j.atmosenv.2011.06.038

UNITY

C. Vitzhum von Eckstaedt, K. Grice, M. Ioppolo-Armanios, G. Chidlow and M. Jones, δD and δ13C analyses of
atmospheric volatile organic compounds by thermal desorption isotope ratio mass spectrometry, Journal of

Chromatography A, 2011, 1218: 6511–6517.
http://dx.doi.org/10.1016/j.chroma.2011.06.098

UNITY

N. Watson, A robust solution for the VOC analysis of air toxics, American Laboratory, December 2011.
http://www.americanlaboratory.com/914-Application-Notes/37072-A-Robust-Solution-for-the-VOC-Analysis-of-Air-Toxics/

CIA Advantage

M. Arayasiri, C. Mahidol, P. Navasumrit, H. Autrup and M. Ruchirawat, Biomonitoring of benzene and
1,3-butadiene exposure and early biological effects in traffic policemen, Science of the Total Environment,
2010, 408: 4855–4862.
http://dx.doi.org/10.1016/j.scitotenv.2010.06.033

UNITY

M. Caselli, G. de Gennaro, A. Marzocca, L. Trizio and M. Tutino, Assessment of the impact of the vehicular
traffic on BTEX concentration in ring roads in urban areas of Bari (Italy), Chemosphere, 2010, 81: 306–311.
http://dx.doi.org/10.1016/j.chemosphere.2010.07.033

UlTrA     UNITY

M.A. Parra, D. Elustondo, R. Bermejo and J.M. Santamaría, Exposure to volatile organic compounds (VOC) in
public buses of Pamplona, Northern Spain, Science of the Total Environment, 2010, 404: 18–25.
http://dx.doi.org/10.1016/j.scitotenv.2008.05.028

UNITY

M. Ruchirawat, P. Navasumrit and D. Settachan, Exposure to benzene in various susceptible populations:
Co-exposures to 1,3-butadiene and PAHs and implications for carcinogenic risk, Chemico-Biological

Interactions, 2010, 184: 67–76.
http://dx.doi.org/10.1016/j.cbi.2009.12.026

UNITY

B. Zabiegała, M. Urbanowicz, K. Szymanska and J. Namiesnik, Application of passive sampling technique for
monitoring of BTEX concentration in urban air: Field comparison of different types of passive samplers, Journal

of Chromatographic Science, 2010, 48: 167–175.
http://chromsci.oxfordjournals.org/content/48/3/167.short

UNITY
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B. Zabiegała, M. Urbanowicz, J. Namieśnik and T. Górecki, Spatial and seasonal patterns of benzene, toluene,
ethylbenzene, and xylenes in the Gdańsk, Poland and surrounding areas determined using Radiello passive
samplers, Journal of Environmental Quality, 2010, 39: 896–906.
https://www.soils.org/publications/jeq/abstracts/39/3/896

UNITY

M. Caselli, G. de Gennaro, M.R. Saracino and M. Tutino, Indoor contaminants from newspapers: VOCs
emissions in newspaper stands, Environmental Research, 2009, 109: 149–157.
http://dx.doi.org/10.1016/j.envres.2008.10.011

UlTrA    UNITY

H.T. Nguyen, K.-H. Kim and M.-Y. Kim, Volatile organic compounds at an urban monitoring station in Korea,
Journal of Hazardous Materials, 2009, 161: 163–174.
http://dx.doi.org/10.1016/j.jhazmat.2008.03.066

Air Server     UNITY

M.A. Parra, D. Elustondo, R. Bermejo and J.M. Santamaría, Ambient air levels of volatile organic compounds
(VOC) and nitrogen dioxide (NO2) in a medium size city in Northern Spain, Science of the Total Environment,
2009, 407: 999–1010.
http://dx.doi.org/10.1016/j.scitotenv.2008.10.032

UNITY

M.A. Parra, D. Elustondo, R. Bermejo and J.M. Santamaría, Quantification of indoor and outdoor volatile organic
compounds (VOCs) in pubs and cafés in Pamplona, Spain, Atmospheric Environment, 2008, 42: 6647–6654. 
http://dx.doi.org/10.1016/j.atmosenv.2008.04.026

UNITY

J.R. Sobus, J.D. Pleil, M.C. Madden, W.E. Funk, H.F. Hubbard and S.M. Rappaport, Identification of surrogate
measures of diesel exhaust exposure in a controlled chamber study, Environmental Science & Technology,
2008, 42: 8822–8828.
http://dx.doi.org/10.1021/es800813v

UlTrA     UNITY

B.E. Cassidy et al., Particulate matter and carbon monoxide multiple regression models using environmental
characteristics in a high diesel-use area of Baguio City, Phillippines, Science of the Total Environment, 2007,
381: 47–58.
http://dx.doi.org/10.1016/j.scitotenv.2007.03.010

UNITY

F. Maes, R. Bormans, D. Poelmans, L. Verbeke, E. Goelen and E. Wauters, Validation of thermal desorption
monitoring techniques for benzene and VOCs in environmental air in Flanders, The Diffusive Monitor, 2006,
issue 15: 6–9.
http://www.hsl.gov.uk/media/1620/issue15.pdf

UNITY

B.-M. Svensson, L. Mårtensson, L. Mathiasson, T. Åkeson and A. Persson, Leachability testing of sludge from
street gullies, Waste Management & Research, 2006, 24: 260–268.
http://dx.doi.org/10.1177/0734242X06065254

UNITY

A. Latella et al., Semicontinuous GC analysis and receptor modelling for source apportionment of ozone
precursor hydrocarbons in Bresso, Milan, 2003, Journal of Chromatography A, 2005, 1071: 29–39.
http://dx.doi.org/10.1016/j.chroma.2004.12.043

Air Server     UNITY

P. Suwattiga and W. Limpaseni, Seasonal source apportionment of volatile organic compounds in Bangkok
ambient air, Science Asia, 2005, 31: 395–401. 
http://dx.doi.org/10.2306/scienceasia1513-1874.2005.31.395

UNITY
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rural

A. Detournay, S. Sauvage, V. Riffault, A. Wroblewski and N. Locoge, Source and
behaviour of isoprenoid compounds at a southern France remote site, Atmospheric

Environment, 2013, published online.
http://dx.doi.org/10.1016/j.atmosenv.2013.03.041

UNITY

C. Hughes, A.J. Kettle, G.A. Unazi, K. Weston, M.R. Jones and M.T. Johnson, Seasonal
variations in the concentrations of methyl and ethyl nitrate in a shallow freshwater lake, Limnology and

Oceanography, 2010, 55: 305–314.
http://dx.doi.org/10.4319/lo.2010.55.1.0305

UlTrA     UNITY

M. Schlabach, M.S. Andersen, N. Green, M. Schøyen and L. Kaj, Siloxanes in the environment of the inner

Oslofjord, Norwegian Pollution Control Authority, 2007, Report 986/2007.
http://www.klif.no/publikasjoner/2269/ta2269.pdf

UNITY

M.A. Parra, L. González, D. Elustondo, J. Garrigó, R. Bermejo and J.M. Santamaría, Spatial and temporal trends
of volatile organic compounds (VOC) in a rural area of northern Spain, Science of the Total Environment, 2006,
370: 157–167.
http://dx.doi.org/10.1016/j.scitotenv.2006.06.022

UNITY

Agricultural

D.B. Parker et al., Odorous VOC emission following land application of swine manure
slurry, Atmospheric Environment, 2013, 66: 91–100.
http://dx.doi.org/10.1016/j.atmosenv.2012.01.001

UlTrA     UNITY

K. Van Huffel, P.M. Heynderickx, J. Dewulf and H. Van Langenhove, Measurement of
odorants in livestock buildings: SIFT-MS and TD-GC-MS, Chemical Engineering Transactions, 2012, 30: 67–72.
http://dx.doi.org/10.3303/CET1230012

UNITY

D.B. Parker et al., Reducing odorous VOC emissions from swine manure using soybean peroxidase and
peroxides, Bioresource Technology, 2012, 124: 95–104.
http://dx.doi.org/10.1016/j.biortech.2012.08.031.

UlTrA     UNITY

J. Baars, J. Rutjens and R. Mumm, Can volatiles emitted by compost during spawn run be used to detect green
mould infection early?, Proceedings of the 7th International Conference on Mushroom Biology and Mushroom

Products (ICMBMP7), Arcachon, France, October 2011.
https://colloque4.inra.fr/icmbmp7

UlTrA     UNITY

K.B. Andersen, A. Feilberg and J.A. Beukes, Abating odour nuisance from pig production units by the use of a
non-thermal plasma system, Chemical Engineering Transactions, 2010, 23: 351–356.
http://dx.doi.org/10.3303/cet1023059

UNITY

A. Feilberg, A.P.S. Adamsen, S. Lindholst, M. Lyngbye and A. Schaefer, Evaluation of biological air filters for
livestock ventilation air by membrane inlet mass spectrometry, Journal of Environmental Quality, 2010, 39:
1085–1096.
https://www.agronomy.org/publications/jeq/abstracts/39/3/1085

UNITY

Page 7TDTS 4

Markes International Ltd T: +44 (0)1443 230935    F: +44 (0)1443 231531    E: enquiries@markes.com



w
w

w
.m

a
r
k
e
s
.c

o
m

N. Intawiwat et al., Effect of different colored filters on photooxidation in pasteurized milk, Journal of Dairy

Science, 2010, 93: 1372–1382.
http://dx.doi.org/10.3168/jds.2009-2542

UlTrA     UNITY

S.M. Pillai, G. Parcsi, X. Wang, E. Gallagher, M. Dunlop and R. M. Stuetz, Assessment of direct headspace
analysis of broiler chicken litter odorants, Chemical Engineering Transactions, 2010, 23: 207–212.
http://dx.doi.org/10.3303/cet1023035

UNITY

R. Noble, A. Dobrovin-Pennington, C. Wright, P.J. Hobbs and J. Williams, Aerating recycled water on mushroom
composting sites affects its chemical analysis and the characteristics of odor emissions, Journal of

Environmental Quality, 2009, 38: 1493–1500.
http://dx.doi.org/10.2134/jeq2008.0145

UNITY

S.O. Petersen, M. Skov, P. Drøscher and A.P.S. Adamsen, Pilot scale facility to determine gaseous emissions
from livestock slurry during storage, Journal of Environmental Quality, 2009, 38: 1560–1568.
http://dx.doi.org/10.2134/jeq2008.0376

UNITY

K.-Y. Kim et al., Odor reduction rate in the confinement pig building by spraying various additives, Bioresource

Technology, 2008, 99: 8464–8469.
http://dx.doi.org/10.1016/j.biortech.2007.12.082

UNITY

K.Y. Kim et al., Sulfuric odorous compounds emitted from pig-feeding operations, Atmospheric Environment,
2007, 41: 4811–4818.
http://dx.doi.org/10.1016/j.atmosenv.2007.02.012

UNITY

A. Papadopoulos and P. Alderson, A new method for collecting isothiocyanates released from plant residues
incorporated in soil, Annals of Applied Biology, 2007, 151: 61–65.
http://dx.doi.org/10.1111/j.1744-7348.2007.00149.x

UNITY     VOC-Mole

landfill/waste treatment

M.C. Gutiérrez, A.F. Chica, M.A. Martín and A.-C. Romain, Compost pile monitoring using
different approaches: GC-MS, e-nose and dynamic olfactometry, Waste and Biomass

Valorization, 2013, published online.
http://dx.doi.org/10.1007/s12649-013-9240-0

UNITY

A. Godayol, R.M. Marcé, F. Borrull, E. Anticó and J.M. Sanchez, Development of a
method for the monitoring of odor-causing compounds in atmospheres surrounding wastewater treatment
plants, Journal of Separation Science, 2013, 36: 1621–1628.
http://dx.doi.org/10.1002/jssc.201300046

UlTrA     UNITY

K.-H. Kim et al., Diagnostic analysis of offensive odorants in a large municipal waste treatment plant in an
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