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Abstract

An adult spends approximately 80% of the time indoBuilding materials
and the furnishings that are in the room emit waairganic compounds (VOC
— Volatile Organic Compoundls Many of the emitted VOC might adversely
affect the human body, especially when their cotre¢ion in the air exceeds
certain critical thresholds. For this reason, itlesirable and often necessary to
monitor their concentrations in the air. For mar@, the highest permitted air
concentrations are set at extremely low levels.réfoee, their detection and
quantitative determination requires the use of stglated analytical tools.
Qualitative and quantitative methodology was devetb for measuring VOC
concentrations in the air at very low levels, whislecessary for the quality
control of the equipment used in VOC testing framg aource. For this purpose,
gas chromatography (GC) in conjunction with masscspmeter (MS) was
used, supported by thermal desorption (TD). Usihg tmethodology, the
volume of emissions was studied for several difier¢OC derived from
common materials in enclosed work areas. The k@eas of the applied
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methodology are discussed, from the preparaticgesbé the apparatus through
the collection and preparation of the sample foalyms, ending with the

appropriate analysis with the TD-GC-MS techniqué e interpretation of the

result analysis. This methodology is used for testor the presence of VOC in
the membrane station and for verifying the purityhe test chambers for VOC
emission form various materials.

Introduction

Volatile organic compounds (VOC) are a group of ssabces, which
include a wide range of carbon compounds such deshwiles, ketones, and
micromolecular hydrocarbons. The number of substmndassified in this
group exceeds 500 [1], and they have been diviaed3 basic sub-groups: very
volatile VOC (VVOC) with the boiling point (BP) ithe range of 0-100°C,
VOC with BP in the range of 100-240°C, and SVOChvBIP in the range of
240 to 400°C [2-3]. The majority of the total VOGQnigsions into the
environment (86%) are natural sources, called bimgg4], the remaining
emissions come from anthropogenic sources and arigted mainly by
a broadly defined industry, which is to the greagent associated with the
production and use of plastics [5-6]. In the depgaient of civilization, these
proportions have been in a continuous flux; andaaigh contamination is not
a new phenomenon, over the recent years, theintating and quantitative
compositions have been changing. Taking into adcthenfact that more than
70% of Europeans live in urban areas, the protectd air quality and
continuous monitoring of pollutants (including VO®ecomes a necessity
[2, 3]. There is substantial evidence that larg@wams of VOC are harmful to
human health [7]. For example, substances such3akutadiene and benzene
have been proven to have teratogenic and carciimgéacts [8, 9]. In addition
to direct influence, the volatile organic compounasy have damaging indirect
effects, contributing to the formation of secondagpgllutants, including
tropospheric ozone. Reducing the emissions of allugants, including the
amount and type of VOC, is a complex, global issuem an environmental
point of view, any steps taken in this directionsinbe related to both the
elimination of specific sources of pollution (maeatent of specific chemicals)
and the general restriction of the consumptioraef materials and energy in the
industrial, residential, and transport sectors [,

Due to the harmfulness of volatile organic compaynd has become
mandatory to analyse the levels of their concepimadnd to establish maximum
levels for contaminants in buildings, workplacds, &hese issues are regulated
by a number of national (VDI, US EPA, PN) and in&ional (ISO) standards,
for the classification of compounds, the rangeghafir maximum permitted
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concentrations in ambient atmosphere, as well aseglures for obtaining and
analysing samples.

At present, the aim is to be able to simultaneoashlyse as many VOC as
possible at the lowest levels of concentrationshin vast majority of studies,
the final analysis uses the gas chromatography (@Chnique with FID
detection or in combination with mass spectroméifys) [12]. This may be
done in combination with other methods of obtairémgl preparing the samples
for analysis. Among them, combinations of thermegatption with GC and MS
analysis seems to offer a comprehensive approatth thve most advantages
despite the considerable complexity of the requinggaratus.

The aim of this study was to develop a methodolfmgydetermining the
presence of volatile organic compounds by the TDMEX method in air
samples collected by the aspiration method. Fasethlexperiments, samples of
air were obtained from the laboratory premises rmturremodelling and
construction, which included a newly purchased giefcfurnishing (under-desk
cabinet). The changes were analysed of the coratEmtrof volatile organic
compounds emitted from building materials in thaditons of temperature and
air exchange increase. The changes of the VOC otmation were analysed in
the laboratory room equipped with membrane systems.

1. Research method

In developing the methodology for the determinatadnvOC, a Perkin-
Elmer TurboMatrix 650 ATD thermal desorber was usdte commercial, steel
sorption tubes by Perkin-Elmer filled with 200 mf Tenax TA were used,
which were conditioned prior to use for 6 houra &&mperature of 300°C in the
flow of carrier gas (helium clean N6, 0) of 100 mmiA. Air samples were
collected on the sorption tubes using the layootwshin Figure 1, consisting of
a membrane pump — Schwarzer Precision SP670ECh-angtabilised power
supply unit, combined with a rotametre flow range3@ dni/h and flow
regulator.

Air Sampling TD tube flow meter regulator  membrane pump
- ————& %

‘ Stabilized power supply ‘

Fig. 1. Schematic diagram of the sampling system
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The values of the volume and force of the airfloelested based on
previous experiments (3 dm3 at a velocity of 100mim.) meet the normative
requirements, including ISO 16000-6: 2011, and @aeysafe for the stability of
sorption deposits and allow for the analysis ofideawrange of concentrations.
The assumed volume was positively verified (by examg the second, serially
attached tube) because of the lack of a “breakthefadsorptive deposit. The
tube were subjected to thermal desorption at a ¢eatpre of 280°C for 10
minutes in a carrier gas flow of 30 ml/min. Thegimal stream of desorption
was routed to the cryogenic trap chamber (-20°@nfwhich, by means of the
heated transfer line (225°C), it entered the gasmhtograph.

The tests used the GC/MS Perkin-Elmer Clarus 680G 600MS
chromatographic system. The RTX-VMS Restek capilleolumn was used,
which was 30 m in length and 0.25 mm in diametathvei stationary phase
1.4 um thick. The temperature programme startedOd€C for 3 min, then
increasing at the rate of 5°C/min. until 200°C wasched, followed by
a further momentary increase to 250°C at 25°C/miithout sustaining it.
Separated analytes were then routed through ach&atesfer line (220°C) for
the mass detector (ionization in a stream of adestr mass range 20-400 m/z,
a single scan time, and the internal between eaah of 0.2 and 0.1 s.). The
carrier gas that was used had a purity of 6.0 N §ystem was calibrated using
commercial multicomponent standards for volatilegamic compounds
(VOC-Mix 18 OEKANAL®, Fluka) by a direct jet onto the sorption tubellip
a dilution series and by plotting calibration lirfes all identified compounds in
at least four levels of concentrations. For thengjfiaation of substances for
which the apparatus was not calibrated, the residte given as the equivalent
toluene quantity. For the analysis of chromatograrstalChrom and
TurboMass software was used, which was produceBdmkin-Elmer, and the
obtained mass spectra were identified using th& NiBaries.

2. Results and discussion

New elements of an interior (construction materialgrniture, and
commercial equipment) are characterized by inceeasmissions of VOC,
which is related to the properties of materialsriselves, as well as to activities
related to their processing. In order to verify tlagsumptions of the
methodology, the qualitative and quantitative cosifian of VOC air was
examined, which was collected from the newly boughbsed under-desk
cabinet with an interior volume of approximatelybl@res, and the surface area
of the inside walls was approximately 2.#.nThe cabinet was made of
laminated particleboard; and after being manufactuit was tightly wrapped
with stretch film. Before obtaining the sampleflaiw (chromatographic lab) of
5251 was run through the cabinet (5 x V of the nab. The chromatographic
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testing identified 16 volatile organic compoundsthwiclear the dominant
signals. Then, in order to examine the changesniisstons, again the same
portion of air was exchanged and the second samgéeobtained. The results
are presented in Table 1, and the observed chargeshown in the diagram

(Fig. 3).

Table 1. Amounts of identified VOC before and aftenting of the tested piece of furniture

Compound RT Initial conc. [ug/rr?] Conc. after venting [pg/rr?]
Hexane 3.63 641.70 668.80
Acetonitrile 3.89 4.50 448.20
Methylcyclopentane 4.14 518.80 68.70
Trichloroethene 5.65 140.80 150.30
Pentanal 6.47 91.70 88.50
Toluene 7.06 160.50 132.80
Tetrachloroethene 7.46 71.80 0.00
Hexanal 8.42 210.10 185.40
Xylene 8.95 20.60 12.50
a-Pinene 9.66 230.10 216.00
Heptanal 10.28 32.60 14.80
N/A 1 10.58 74.70 79.60
3-Carene 10.99 48.60 79.80
D-Limonene 11.37 30.00 29.70
N/A 2 11.62 42.90 36.10
Octanal 12.07 31,8 33,5
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W Initial concentration W After air venting (10x volume)

Fig. 2. Changes in concentration of the identifiempounds before and after venting the
container

After a 5-fold air exchange inside the test objeat, decline in
concentrations of most compounds was observediditg a-pinene (terpene,
resin present in coniferous trees), D-Limonenenipleomponent of essential
oils), and organic compounds related to the pradocprocesses of plastics
(toluene, xylene, methylcyclopentane, pentanalahek tetrachloroethylene).
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There was also a registered decrease in concemsatif two substances that
had not been identified using the compound libr&wyrthermore, increases in
concentrations of hexane and acetonitrile werechbeeause of the “airing” of

the tested object with air from the chromatogragatr, where, among others,
hexane was used as a solvent for samples in gasmatowgraphy, and

acetonitrile, as an eluent in HPLC. To confirm thés sample of air from

chromatographic laboratory was analysed, where atdelv levels of these

solvents were found, explaining their detectiortbia analysis of the air from

inside the cabinet.

During construction and remodelling works, bothgtomction and finishing
materials are used, as well as secondary matatials as adhesives, silicones,
varnishes, etc. In order to verify the effectivenesthe developed methodology
for VOC analysis, air samples were taken from @ in which an interior
door was replaced with new one made of wood-bassérials. In the process
of installation, the door was fitted (cut to sizé).order to register potential
changes of concentrations through time, anothepkamas obtained after 72
hours. A number of low-boiling-point organic compols were identified, and
they were analysed quantitatively (Tab. 2, Fig. 3).

Table 2. The quantities of identified VOC at the nemnof new door installation and after 72 hrs

Compound RT Initial conc. [ug/n?] | Conc. after 3 days [ug/m
Acetone 3.55 242.60 19.06
Acetonitrile 3.90 70.50 58.30
Pentanoic acid (methyl ester 4.7 190.70 4.70
Methyl-cyclohexane 5.69 56.40 4.70
Toluene 7.11 234.30 5.90
Acetic acid (butyl ester) 8.31 16.50 0.00
p-Xylene 9.00 41.70 2.90
a-Pinene 9.66 710.20 1.60
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Fig. 3. Changes in concentration of the identifiempounds at the moment of new door
installation and after 72 hrs
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On the day of the door installation, elevated catre¢ions of acetone,
methylcyclohexane, toluene, xylene, amginene were observed. It is likely
that significant quantities of the last elementeverleased into the environment
while the door was being cut, while the rest is fikely the ingredients of
materials used in the course of installation, aghesives, polyurethane foam,
varnish, and sanitary silicon. With the exceptidracetonitrile, after 72 hours,
the concentrations of all compounds listed deckkdselow the point of
detection within this method.

Volatile organic compound emission by many consioncmaterials, for
obvious reasons, increases as their temperatwgs. flis order to examine the
changes in the emissions of VOC as a function mptrature (and indirectly -
time function), samples of air were taken from pnemises where the tests were
carried out on the microfiltration membrane systdinere were many plastic
components used for its construction, mainly PVBetuand rubber. The first
measurement was made before turning on of the myfEmp. approximately
19°C). Another measurement was taken after an bbaperation, when the
temperature increased about 10°C. As a result alfysis, 12 substances were
identified whose concentration increased duringetigeriment of both samples.
The results are presented in Table 3 and Figure 4.

For all identified substances, approximately a 90f%ease of emission
was observed — the greatest being for 1-chloroectte by 119.3%, and the
smallest for tetradecane by 79.7%. Most of thesmpomnds are organic
substances used in the plastics industry, includoigents, i.e. toluene, xylene,
and 1, 3, 5-trimethylbenzene. However, in this tipgriod, the maximum
allowed concentrations (WEL - workplace exposummit)i of the listed
substances were not exceeded.

Table 3. Quantities of the VOCs identified at ttertsand after 1 hr of operation

Compound RT Initial conc. [ug/n?] | Conc. after 1 hour [pg/n]
Heptane 5.13 51.80 104.40
1-Dodecanol 5.69 35.20 58.60
Toluene 7.08 10.40 20.20
Xylene 9.01 28.40 49.10
1-Chlorooctadecane 10.49 25.20 60.20
1, 3, 5-trimethylbenzene 11.31 28.20 48.80
Undecane 12.18 36.30 61.20
Dodecane 13.76 24.60 48.30
Tridecane 15.24 14.70 30.50
Tetradecane 16.64 11.20 17.80
Pentadecane 18.08 6.60 13.10
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Fig. 4. Changes in concentration of the identifiesnpounds before starting and after 1h of
operation of the membrane system

Conclusions

The examples presented in this paper confirm that TD-GC-MS
technique, and the methodology designed for itisisful in the analysis of the
concentrations of VOC in the air. Despite the higlyree of the complexity of
the apparatus, labour consuming calibration, anehesdhat high costs of
materials, this method, nonetheless, has the nib&nsages in comparison to
other methods of analysis. It allows for the simn#ous identification of the
gualitative (chemical composition) and reliable wfitative assessment of VOC
in the tested object. It also allows an approximasimation of the
concentrations of the substances for which no katitn has been carried out.
Moreover, the compact size of both the sorptioresudnd aspiration systems for
sampling make the TD-GC-MS method broad in appboat from miniature
personal devices, and portable systems for fieldwtr extensive stationary
analysers for continuous monitoring of contamirratio

Scientific work executed within the Strategic Peogme “Innovative
Systems of Technical Support for Sustainable Dpusdat of Economy” within
Innovative Economy Operational Programme
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Metodyka badania stzenia lotnych zwizkow organicznych
z zastosowaniem techniki TD-GC-MS

Stowa kluczowe

Lotne zwgzki organiczne (LZO), termiczna desorpcja, GC/MS.

Streszczenie

Dorosty cziowiek spdza ok. 80% czasu w pomieszczeniach zagtikein.
Zarbwno materiaty budowlane, jak i spiy znajdugce s¢ w pomieszczeniu
emitujg lothe zwgzki organiczne (VOC ¥olatile Organic CompoungisWiele
z emitowanych VOC m@ negatywnie oddziatywiana organizm ludzki,
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szczegolnie gdy ich gtenie w powietrzu przekroczy pewne krytyczne progi.
Z tego powodu zasadne, acsto nawet konieczne, jest monitorowanie ich
stezenia w powietrzu. Dla wielu VOC najisize dopuszczalne egenia
w powietrzu g ustalone na skrajnie niskim poziomie. Dlatego wgkrywanie
ich i ilosciowe oznaczanie wymaga zastosowania wyrafinowanydhnik
analitycznych. Opracowano metodyjakasciowego i ilgciowego oznaczania
VOC w powietrzu na bardzo niskich poziomactrat, niezlzdnych do kontroli
jakosci pracy uradzenh do badania emisji VOC z dowolnegoddia. Do tego
celu zastosowano chromatogeafjazovs (GC) w sprzzeniu ze spektrometrem
mas (MS), wspomagan termiczry desorpci (TD). Przy zastosowaniu
opracowanej metodyki zbadano wiedkoemisji do otoczenia kilkudziesiiu
réznych VOC, pochodgych z materiatdw powszechnie wgstijacych

w zamknigtych pomieszczeniach pracy. Omoéwiono kluczowe agpek
realizowanej metodyki, od etapu przygotowania apaya poprzez pobieranie

i przygotowanie probki do analizy, wgwg analiz techniky TD-GC-MS, do
interpretacji wynikéw analizy. Opracowana metodyktosowana jest do
badania obecrioi VOC na stanowisku membranowym oraz do weryfikacj
czystaci komér shiacych do badania emisji VOC z mdych materiatow
uzytkowych.





