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ABSTRACT • The aim of the study was to determine the effect of lacquer product application methods used in the 
furniture industry on emissions of volatile organic compounds (VOCs). The air samples for analyses came from 
three industrial plants, located in Poland, producing case furniture. In each of these plants, the fi nishing process 
was performed using waterborne lacquer products, but using different types of lacquer application machines and 
devices: automated fi nishing lines, automated vertical spray machines, a curtain coater and classical pneumatic 
spray guns. The compounds found in the air collected for analyses were adsorbed on a Tenax TA synthetic sorbent. 
The volatile compounds were analyzed by gas chromatography combined with mass spectrometry and thermal de-
sorption. The results showed differences in the amounts of identifi ed compounds depending on the type of the used 
lacquer application machine. It was found out that the use of automated fi nishing lines for lacquering of furniture 
elements does not only lead to an increase in the effi ciency of the process, but also results in a reduction of pollu-
tion in the production halls.

Keywords: volatile organic compounds, surface fi nishing, waterborne products, furniture industry, air analysis, 
GC/MS/TD

SAŽETAK • Cilj istraživanja bio je utvrditi utjecaj primijenjenih metoda lakiranja proizvoda u proizvodnji 
namještaja na emisiju hlapljivih organskih spojeva (VOCs). Uzorci zraka za analizu prikupljeni su u tri industrijska 
postrojenja u Poljskoj u kojima se proizvodi namještaj. U svakome od tih postrojenja za proces površinske obrade 
upotrebljavaju se vodeni lakovi, ali se primjenjuju različiti uređaji i strojevi za nanos laka: automatizirane linije 
za površinsku obradu, automatizirani vertikalni uređaji za prskanje, uređaji za površinsku obradu sa zavjesom i 
klasični pneumatski pištolji za prskanje. Spojevi nađeni u analiziranim uzorcima zraka adsorbirani su na Tenax 
TA sintetičkom sorbentu. Hlapljivi spojevi analizirani su plinskom kromatografi jom u kombinaciji s masenom spe-
ktrometrijom i toplinskom desorpcijom. Rezultati su pokazali razlike u količinama utvrđenih spojeva ovisno o vrsti 
uređaja za nanošenje laka. Utvrđeno je da uporaba automatskih linija za lakiranje elemenata namještaja ne samo 
povećava učinkovitost procesa već i rezultira smanjenjem onečišćenja zraka u proizvodnim halama.

Ključne riječi: hlapljivi organski spojevi, površinska završna obrada, proizvodi na bazi vode, proizvodnja 
namještaja, analiza zraka, GC/MS/TD
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1  INTRODUCTION
1.  UVOD

In the recent years, the interest in indoor air qual-
ity has increased considerably. The presence of some 
substances in indoor air may cause many health prob-
lems, e.g. diseases of the respiratory tract, allergies, 
migraines and overall irritation. Many researchers are 
of an opinion that these health problems are caused by 
volatile organic compounds (Brinke et al., 1998; Jones, 
1999; Pappas et al., 2000; Nielsen et al., 2007). Vola-
tile organic compounds are emitted from many sourc-
es, both internal and external.

The problem of air quality has been discussed in 
terms of indoor air quality in housing buildings (Wal-
lace et al., 1991; Brown et al., 1994; Hodgson et al., 
2002; Park and Ikeda, 2004, 2006; Guo et al., 2003, 
2009) and public buildings (Lee et al., 1999; Kim et 
al., 2001; Loh et al., 2006; Eklund et al., 2008). Air 
quality in educational institution facilities is consid-
ered to be of particular importance (Norback, 1995; 
Lee et al., 1999a; Daisey and Angell, 2003; Godwin 
and Batterman, 2007). 

Increasing interest in indoor air quality in hous-
ing buildings, offi ce buildings, schools, hospitals, etc. 
has resulted in the subject being discussed also in rela-
tion to industrial practice. World literature presents 
studies on VOC emissions and air pollution in indus-
trial practice only to a limited extent, including also 
different sectors of wood industry. The studies con-
cerning wood industry have discussed mainly VOC 
emissions from wood, lacquer coatings and fi nished 
products (Salthammer, 1997; Risholm-Sundman et al., 
1998; Salthammer et al., 1999; Brown, 1999; Bau-
mann et al., 2000; Guo and Murray, 2001; Kim et al., 
2006; Roffael, 2006; Ohlmeyer et al., 2008, Kirkeskov 
et al., 2009). 

Such pollution occurs fi rst of all during the pro-
cess of lacquering of furniture elements. 

For this reason the aim of this study was to deter-
mine the effect of application methods of lacquer prod-

ucts used in the furniture industry on the microclimate 
of facilities, in which the fi nishing operations were per-
formed on surfaces of furniture items. 

The scope of the study included quantitative and 
qualitative analyses of compounds emitted to the air. 

2  MATERIAL AND METHODS
2.  MATERIJAL I METODE
2.1  Characteristics of wood fi nishing plants
2.1.  Obilježja pogona za površinsku obradu proizvoda

In order to determine the effect of lacquer prod-
uct application methods on the emission of volatile or-
ganic compounds, investigations were conducted in 
three furniture manufacturing plants located in Poland, 
producing case furniture. 

Production in these plants is based on modern 
technological solutions, both in rough wood process-
ing and secondary processing as well as surface fi nish-
ing. All the plants selected for the study in the fi nishing 
process use only lacquer systems based on waterborne 
binders, which were applied on the surface of furniture 
elements using different lacquer application methods 
and machines. The parameters of lacquer products 
used in the production process are presented in Table 1.

In the plant 1, the process of furniture surface fi n-
ishing was based on: 
• An automated fi nishing line (1) for lacquer applica-

tion and drying, consisting of a belt sanding ma-
chine, a dust suction device and an oscillating spray 
machine with the electronic control unit for panel 
dimensions reading, a belt conveyor and the lac-
quer recovery system and a drying tunnel, com-
posed of the following segments: heating (to a tem-
perature of 30 °C – 40 °C), drying using IR radiators 
(at a temperature of 60 °C) and conditioning to am-
bient temperature. 

Incoming air by means of the air pressurization 
unit moves overspray to the fi ltering system and is then 
carried to the exhaust fan. Suction system composed of 
a double set of dry fi lters.

Table 1 Technical parameters of lacquer products used in plants selected for the study
Tablica 1. Tehnički parametri lakova upotrebljavanih u pogonima odabranim za istraživanje

Parameters / Parametri
Lacquers / Lakovi

Plant 1
Pogon 1.

Plant 2
Pogon 2.

Plant 3
Pogon 3.

Binding agent / Vezno sredstvo acrylic dispersion / akrilna disperzija
Solvents / Otapala water
Non-volatile contents / Sadržaj nehlapljivih tvari, % 43 33 48
Density / Gustoća, g/cm3 1.18 1.07 1.25
Working viscosity at a temp. of (22±1) °C 
Radni viskozitet pri temp. (22±1)°C, s*
Spraying / Prskanje
Curtain coater / Uređaj za lakiranje sa zavjesom

55
-

68
-

23
45

Colour / Boja white / bijela blue / plava white / bijela
Other information / Druge informacije multilayer product

višeslojni proizvod
multilayer product
višeslojni proizvod

undercoating product
zaštitni proizvod 

Information on ingredients / Informacija o sastavu 2-butoxyethanol
2-butoksietanol

2-butoxyethanol
2-butoksietanol

2-butoxyethanol
1,2-propanodiol
2-butoksietanol
1,2-propanodiol

* Value measured using a Ford’s cup No. 4 / Vrijednost izmjerena uporabom Fordova uređaja broj 4
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In turn, the plant 3 was equipped with:
• A 1-headed curtain coater.

The curtain coater was located in the hall 
equipped with a mechanical supply-exhaust ventilation 
system, meeting requirements of the current technical 
and legal requirements concerning the operation of the 
plant. It was confi rmed by the positive results of envi-
ronmental analyses conducted at the plant on a regular 
basis. The lacquering stand was not equipped with a 
local exhaust ventilation. 
• Lacquer application booths with dry fi lters with 

manual pneumatic guns.
Spray booths were equipped with the supply-ex-

haust ventilation system. Contaminated air was purifi ed 
in a single stage process: using a cardboard pleated fi lter.

2.2  Adsorption of volatile organic compounds
2.2.  Adsorpcija hlapljivih organskih spojeva

The air for analyses was collected to glass tubes 
fi lled with a Tenax TA solid sorbent at 120 mg (35/60 
mesh, Alltech). Each time, fi ve parallel air samples 
were collected using a pump (FLEC Air Pump 1001, 
Chematec).

The analyses were performed at the lacquer ap-
plication zone at a distance of approx. 0.5 m from the 
lacquer application machines. The samples were col-
lected at a height of 1.5 m above fl oor level. 

The volume of 500 ml air was transferred by the 
sorbent at a rate of 50 ml/min. 

2.3  Chromatographic analysis
2.3.  Kromatografska analiza

The volatile organic compounds adsorbed on the 
Tenax TA were released in a thermal desorber and next, 
they were determined by gas chromatography com-
bined with mass spectrometry following the procedure 
presented in Table 2.

• An automated vertical spray machine, equipped 
with two spray guns. The spraying was performed 
in a spraying booth. 

The lacquering booth consisted of two rooms, i.e. 
a painting room of 4.9 x 3.9 m (L x W) and a drying 
room of 7.6 x 4.9 m (L x W). Pure air was supplied to 
the booth through the fi lter ceiling. The air fi ltration 
process consisted of preliminary and fi nal fi ltration 
stages. Dusted air was discharged through a fi ltering 
water curtain. 

In turn, in the plant 2, the furniture surface fi nish-
ing process was performed using:
• An automated fi nishing line (2) for lacquer applica-

tion and drying, equipped with a standing belt ma-
chine, a reading line with photocells to identify di-
mensions of processed elements, a drying tunnel 
with IRM lamps, an automated spray machine with 
six spray guns, a drying tunnel composed of the fol-
lowing zones: the drying zone using microwave 
electromagnetic radiation energy (the Microwaves 
Operating System - MOS), the drying zone with hot 
air injection in a nozzle tunnel with IRM lamps, the 
conditioning zone adjusting the temperature to am-
bient temperature.

Air purity in the lacquering chamber was pro-
vided by two fans coupled with fi lters. The unit is sup-
plied with ambient air using an electric fan. Overspray 
is sucked in by two pipes mounted on an elevator using 
an exhaust fan and passes through the system of two 
fi lters: a prefi lter and an after fi lter. 
• Manual pneumatic guns in spray booths with dry 
fi lters.

The lacquering unit was equipped with the sup-
ply-exhaust ventilation system. The ventilation system 
was equipped with two fi lters: a cardboard pleated fi l-
ter and a Paint-Stop fi lter mat.

Table 2 Operating conditions of the TD/GC/MS
Tablica 2. Uvjeti rada uređaja TD/GC/MS

Elements of the system 
Elementi sustava Parameters / Obilježja

Thermal desorber
Toplinski desorber

Injector / injektor Thermal desorber connected to a sorption microtrap / toplinski desorber spojen na sorpcijski 
mikrotrap
Purging gas / plin za čišćenje: argon at 20 m3·min-1

Purge time / vrijeme čišćenja: 5 min
Microtrap / mikrotrap Sorbent / sorbent: 80 mg Tenax TA/30 mg Carbosieve III

Desorption temperature / vrijeme desorpcije: 250 C during 90 s.
Gas chromatograph
Plinska kromatografi ja

TRACE GC, Thermo Quest.

Column / kolona RTX – 624 Restek Corporation, 60 m x 0.32 mm ID
Df – 1.8 m: 6% cyanopropylophenyl, 94% dimethylopolysiloxane

Detector / detektor Mass spectrometer / maseni spektrometar (SCAN: 10 – 350)
Injector / injektor Thermal desorber connected with a sorption microtrap / toplinski desorber spojen na sorpcijski 

mikrotrap
Rinsing gas / plin za ispiranje: argon 20 m3·min-1

Rinsing time / vrijeme ispiranja: 5 min.
Microtrap / mikrotrap Sorbent / sorbent: 80 mg Tenax TA/30 mg Carbosieve III;

Desorption temperature / temperature desorpcije: 250 C during 90 s.
Carrier gas / plin Helium / helij: 100 kPa, 2 cm3·min-1.
Temperature setting / 
postavka temperature

40 C during 2 min, 7 C·min-1 to 200 C, 10 C·min-1 to 230 C, 230 C during 20 min
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2.4  Qualitative and quantitative analyses
2.4.  Kvalitativna i kvantitativna analiza

The compounds were identifi ed by comparing 
the recorded mass spectra with the spectra contained in 
the NIST MS Search library – program ver. 1.7 and 
confi rmed by referring the mass spectra and retention 
times of identifi ed compounds to the spectra and reten-
tion times of appropriate standards. 

Quantitative analysis of volatile organic com-
pounds emitted from investigated surfaces was con-
ducted by adding a reference standard 1-bromo-
4-fl uorobenzene (Supelco). 

3  RESULTS AND DISCUSSION
3.  REZULTATI I RASPRAVA

Figures 1 to 4 and Tables 3 to 5 present testing re-
sults concerning the effect of different lacquer application 
technologies on the levels of volatile organic compound 
emissions. These results make it possible to compare the 
effect of technologies used to apply products based on 
waterborne binders, in recent years used with increasing 
frequency in the furniture industry. These comparisons 
may be made only within individual plants, since the fi n-
ishing process in each of these plants was performed us-
ing different waterborne lacquer products (Table 1). 
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Figure 1 Chromatogram of VOCs emitted during surface lacquering in the plant 1: a) on a fi nishing line (1), b) using an 
automated vertical spray machine
Slika 1. Kromatogram hlapljivih organskih spojeva emitiranih tijekom lakiranja proizvoda u pogonu 1: a) na liniji za 
površinsku obradu (1), b) primjenom automatskih vertikalnih uređaja za prskanje



... Stachowiak-Wencek, Prądzyński: The Effect of Application Method of Lacquer Products...

DRVNA INDUSTRIJA  66 (1) 17-26 (2015) 21

Table 3 Concentration of VOCs during surface lacquering on a fi nishing line (1) and an automated vertical spray machine in the 
plant 1
Tablica 3. Koncentracije hlapljivih organskih spojeva emitiranih tijekom lakiranja proizvoda na liniji za površinsku obradu i 
primjenom automatskih vertikalnih uređaja za prskanje u pogonu 1

Compounds / Spojevi RT
min

Concentration, μg∙m-3 / Koncentracija, μg·m-3

fi nishing line (1)
linija za površinsku 

obradu (1)

automated vertical spray 
machine / automatski 

vertikalni uređaj za prskanje
1-butanol / 1-butanol 10.72-10.74 721.1 2075.8
Toluene / toluen 13.14 768.6 547.3
Butyl acetate / butil acetat
Hexanal / heksanal

14.53-14.55 181.9
147.1

501.0
268.1

n-butyl ether / n-butil eter 15.89 - 210.8
m.p-xylene / m.p-ksilen 16.29 - 81.9
1-methoxy-2-propyl acetate / 1-metoksi-2-propil acetat 16.40 - 86.9
Propanoic acid. butyl ester / propanoik acid. butil ester 17.02 - 100.6
o-xylene / o-ksilen 17.21 29.9 -
ά-pinene / ά-pinen 17.77 43.3 373.0
2-butoxyethanol / 2-butoksietanol 17.98-18.00 293.9 4737.1
3-carene / 3-karen 20.02 20.7 78.1
Limonen / limonen 20.59 - 8.4
Σ unidentifi ed compounds / Σ nedefi nirani spojevi 80.6 329.0
TVOC 2287 9398

The detailed results concerning the effect of sur-
face fi nishing technologies applied in the plant 1 are 
presented in Figures 1 and in Table 3.
In the plant 1 equipped with a modern fi nishing line (1) 
and an automated vertical spray machine, the concen-
tration of all volatile organic compounds at the lacquer 
application zone was in a very broad range of values 
from 2287 μg/m3 to 9398 μg/m3. 

In the air, collected from the lacquer application 
zone on the fi nishing line (1) the detected compounds 

included particularly toluene, 1-butanol and 2-butoxy-
ethanol at 768.6 μg∙m-3, 721.1 μg∙m-3 and 293.9 μg∙m-3. 
Moreover, the presence of the following compounds 
was also detected: n-butyl acetate, hexanal and ter-
penes, mainly α-pinene and 3-carene. 

In the course of lacquer application on furniture 
elements using an automated vertical spray machine, a 
broader spectrum of compounds was noted than that re-
corded at the application by the fi nishing line (1). When 
using the automated vertical spray machine, 2-butoxy-

Table 4 Concentration of VOCs during surface lacquering on a fi nishing line (2) and with the use of manual pneumatic guns 
in the spray booth in plant 2
Tablica 4. Koncentracije hlapljivih organskih spojeva emitiranih tijekom lakiranja proizvoda na liniji za površinsku obradu 
(2) i primjenom ručnoga pneumatskog pištolja u kabini za prskanje u pogonu 2.

Compounds / Spojevi RT
min

Concentration, μg∙m-3 / Koncentracija, μg·m-3

fi nishing line (2)
linija za površinsku obradu (2)

manual pneumatic guns
ručni pneumatski pištolj

Acetone / aceton 6.42 299.0 -
1-butanol / 1-butanol 10.77-10.79 226.3 944.5
Penatanal / penatanal 11.49 142.9 -
Toluene / toluen 13.17 401.7 68.7
Tetrachloroethylene / tetrakloretilen 14.14 48.1 -
Butyl acetate / butil acetat 14.57-14.58 134.1 700.1
Hexanal / heksanal 14.64 231.6 258.6
n-butyl ether / n-butil eter 15.92-15.93 15.9 110.6
Ethylbenzene / etilbenzen 16.08-16.09 54.0 57.1
m.p-xylene / m.p-ksilen 16.33-16.34 135.0 102.1
o-xylene / o-ksilen 17.19-17.20 43.5 31.9
Styrene / stiren 17.25 170.10 -
ά-pinene / ά-pinen 17.80-17.81 72.3 26.8
2-butoxyethanol / 2-butoksietanol 18.04-18.03 1264.9 1970.5
1-butoxy-2-propanol / 1-butoksi-2-propanol 18.74 23.3 -
3-carene / 3-karen 20.06 - 10.8
Limonen / limonen 20.62 29.7 -
Σ unidentifi ed compounds
Σ nedefi nirani spojevi

448.8 277. 1

TVOC 3741 4559
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Figure 2 Chromatogram of VOCs emitted during surface lacquering in the plant 2: a) on a fi nishing line (2), b) with the use 
of a manual pneumatic gun in the spray booth 
Slika 2. Kromatogram hlapljivih organskih spojeva emitiranih tijekom lakiranja proizvoda u pogonu 2.: a) na liniji za 
površinsku obradu (2), b) primjenom ručnoga pneumatskog pištolja u kabini za prskanje

ethanol was emitted in the greatest amounts. Concentra-
tion of the compound amounted to 4737.1 μg∙m-3. i.e. 
almost 50 % total concentration of all compounds found 
in the analyzed air. High emissions were also recorded 
for 1-butanol (2075.8 μg∙m-3), toluene (547.3 μg∙m-3) 
and butyl acetate (501.0 μg∙m-3). 

Large differences in the total amount of all com-
pounds released into the air are primarily the result of 
the increased concentration of 2-butoxyethanol and 
1-butanol in the spray booth. Glycol concentration in 
the lacquer application zone, when automated vertical 
spraying was used, was over 16-times higher and that 
of alcohol was almost 3-fold higher than at the lacquer 
application zone on the fi nishing line.

Successive fi gures (Fig. 2) and Table 4 present 
results concerning the effect of surface lacquering pro-
cesses on air quality in the plant 2. 

The concentration of the volatile organic com-
pounds at the fi nishing line (2) amounted on an average 
to 3741 μg/m3 and it was lower than when applying 
coatings with manual spray guns in the lacquer appli-
cation booth, equipped with dry fi lters, where it 
amounted to 4559 μg/m3. 

In the tested air collected near the lacquer applica-
tion zone on the fi nishing line (2) considerable amounts 
were detected for 2-butoxyethanol at 1264.9 μg/m3, 
toluene at 401.7 μg/m3, acetone at 299.0 μg/m3, 1-buta-
nol at 226,3 μg/m3 and hexanal at 231.6 μg/m3. The 



... Stachowiak-Wencek, Prądzyński: The Effect of Application Method of Lacquer Products...

DRVNA INDUSTRIJA  66 (1) 17-26 (2015) 23

RT: 4,78 - 32,83

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

b
u

n
d

an
ce

18,02

9,96
20,60

10,77
8,47 13,16 14,63 15,91

16,32
19,026,39 13,53

17,8011,477,08 8,695,83 15,1711,98 19,68 22,5421,74 26,68 32,7731,6730,9429,9822,78 24,61 29,0725,36 26,88

NL:
4,51E7
TIC  MS 
polewarka

RT: 4,70 - 32,89

6 8 10 12 14 16 18 20 22 24 26 28 30 32
Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

b
u

n
d

an
ce

18,01

13,53

9,97

18,73

8,47 13,16 14,6210,77
20,6017,796,42 16,31 19,02

15,9111,488,705,92 7,11 26,66 31,8531,2617,17 20,04 30,5312,93 22,5415,16 29,8325,7524,9621,73 24,27 26,83

NL:
3,84E7
TIC  MS 
pistolet

a). 

b).

Figure 3 Chromatogram of VOCs emitted during surface lacquering in plant 3: a) with a curtain b coater, b) with the use of a 
manual pneumatic gun in the spray booth
Slika 3. Kromatogram hlapljivih organskih spojeva emitiranih tijekom lakiranja proizvoda u pogonu 3.: a) uređajem za 
nanošenje laka sa zavjesom, b) primjenom ručnoga pneumatskog pištolja u kabini za prskanje

above mentioned compounds jointly accounted for over 
64 % of the total emission. The other substances emit-
ted in smaller amounts included e.g. pentanal, butyl ac-
etate, ethylbenzene, m,p-xylene, as well as terpene 
compounds. i.e. ά-pinene. It needs to be stressed that in 
the air collected at the fi nishing line (2) the presence of 
styrene was detected at 170.10 μg/m3. Lacquer applica-
tion on furniture surface in the fi nishing line (2) addi-
tionally caused by the emission of such compounds as 
acetone, pentanal, tetrachloroethylene and 1-butoxy-
2-propanol, whose presence was not detected in the air 
collected from the spray booth (2).

In the air samples collected from a spray booth, 
in which manual spraying was applied, a smaller spec-

trum of compounds was detected than in the case of the 
fi nishing line (2). 2-butoxyethanol was the compound 
released in the greatest amount, at a concentration of 
970.5 μg/m3. Lacquer application by manual pneumat-
ic guns caused the emission of large amounts of 1-bu-
tanol (944.5 μg/m3) and butyl acetate (700.1 μg/m3). 

Emissions of 2-butoxyethanol, 1-butanol and bu-
tyl acetate accounted for over 80 % of all the released 
compounds.

The measurements taken in the plant 3 made it 
possible to compare the technology of surface fi nishing 
using curtain coater with manual spray pneumatic 
guns. The results of these measurements are presented 
in Figures 3 and 5.
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They showed that lower air pollution is caused by 
manual spray guns in a lacquer application booth than 
by a curtain coater. The concentration of volatile or-
ganic compounds near the lacquer application zone in 
the curtain coater was 7606 μg/m3, while at the lacquer 
application workstation with the use of manual pneu-
matic guns it was lower amounting on an average to 
5911 μg/m3.  

In the plant 3, where during the study, the under-
coating product was applied, a spectrum of compounds 
was found similar to those detected in the two other 
plants. The compound released in the greatest amount 
turned out to be 2-butoxyethanol. Finishing of furni-
ture elements by curtain coating caused emission of 
this compound at 2829.6 μg/m3, while lacquer applica-
tion with the use of manual guns resulted in emission at 
2207.3 μg/m3. In the tested air, high concentrations 
were also detected for acetone, 1-butanol, toluene and 
1-butoxy-2-propanol. Lower amounts were recorded 
for pentanal, n-butyl acetate, hexanal, m,p-xylene as 
well as terpenes, i.e. ά-pinene, 3-carene and limonene. 

Tested air samples collected from the furniture ele-
ment lacquer application zones contained such com-
pounds as aldehydes, ketones, aromatic hydrocarbons, 
alcohols, glycols and terpenes. Sources of their emis-
sions included both fi nished furniture elements and ap-
plied lacquer systems. Wood species were sources of 
emissions of aldehydes, pentanal and hexanal. These 
compounds are formed through oxidation reactions of 
unsaturated fatty acids found in wood (Risholm-Sund-
man et al., 1998). Pentanal is formed as a result of oxida-
tion of linoleic acid, while pentanal is the product of 
oxidation of linolenic acid (Salthammer et al., 1999). 
Terpene compounds (α-pinene, 3-carene, limonene) are 
also emitted by various wood species, particularly soft-

wood iglaste (Roffael, 2006; Risholm-Sundman et al., 
1998; Manninen et al., 2002). Acetone is a compound 
detected during analyses of emissions of volatile organic 
compounds from different wood species, wood-based 
materials and lacquer systems (Brown, 1999; Risholm-
Sundman et al., 1998; Kirkeskov et al., 2009). 

2-butoxyethanol was an important component re-
leased by all lacquer systems applied in the plants. 
Analyses of water-borne systems conducted by Salt-
hammer (1997) and Stachowiak-Wencek and 
Prądzyński (2011) showed that 2-butoxyethanol is a 
characteristic compound emitted by such lacquer sys-
tems. Moreover, chamber tests conducted by Stachow-
iak-Wencek and Prądzyński (2011) also showed that 
waterborne systems, apart from glycols, may emit to 
air several other compounds. Air collected from furni-
ture element lacquer application zones in the analyzed 
plants was found to contain aromatic hydrocarbons 
(toluene, ethylbenzene, m-, p- and o-xylene, styrene) 
and esters (butyl acetate, 1-methoxy-2-propyl acetate 
and propanoic acid butyl ester). 

It is rather diffi cult to explain the presence of sty-
rene in air collected from the lacquer application zone 
at lacquering line 2. Available literature contains prac-
tically no information on emission of styrene from 
aqueous systems. Moreover, this compound was not 
detected during the application using spray guns. Emis-
sion of styrene is possible from waterborne products 
cured using UV irradiation. Styrene is used for copoly-
merization of UPE-systems. A study by Salthammer et 
al. (1999) showed that UV-cured aqueous products 
based on unsaturated polyester (UPE) may be sources 
of styrene emission. In the analyzed lacquering line (2) 
both aqueous products and UV-cured aqueous products 
may be applied alternately. It may be assumed that sty-

Table 5 Concentration of VOCs during surface lacquering with the use of a curtain coater and of manual pneumatic guns in 
the spray booth in plant 3
Tablica 5. Koncentracije hlapljivih organskih spojeva emitiranih tijekom lakiranja proizvoda primjenom uređaja sa zavjesom 
i primjenom ručnoga pneumatskog pištolja u kabini za prskanje u pogonu 3.

Compounds / Spojevi RT
min

Concentration, μg∙m-3 / Koncentracija, μg·m-3

curtain coater
uređaj za lakiranje sa zavjesom

manual pneumatic guns
ručni pneumatski pištolj

Acetone / aceton 6.39-6.42 377.1 440.3
1-butanol / 1-butanol 10.77 1306.5 502.6
Penatanal / penatanal 11.47-11.48 146.4 215.3
Toluene / toluen 13.16 498.1 447.5
Tetrachloroethylene / tetrakloretilen 14.13 51.3 67.4
Butyl acetate / butil acetat 14.56

14.63
349.9 215.2

Hexanal / heksanal 193.7 274.9
n-butyl ether / n-butil eter 15.91 515.9 100.7
Ethylbenzene / etilbenzen 16.08 89.2 62.7
m.p-xylene / m.p-ksilen 16.32-16.31 262.1 168.9
o-xylene / o-ksilen 17.18-17.17 66.9 40.5
ά-pinene / ά-pinen 17.80-17.79 75.2 181.6
2-butoxyethanol / 2-butoksietanol 18.02-18.01 2829.6 2207.3
1-butoxy-2-propanol / 1-butoksi-2-propanol 18.73 50.9 408.6
3-carene / 3-karen 20.05-20.04 30.8 47.0
Limonen / limonen 20.60 405.5 168.3
Σ unidentifi ed compounds / Σ nedefi nirani spojevi 357.2 362.5
TVOC 7606 5911
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Figure 4 Comparison of TVOC emissions from lacquer application zones using individual lacquer application machines
Slika 4. Usporedba emisije ukupnih hlapljivih organskih spojeva pri primjeni različitih uređaja za lakiranje

rene detected in the lacquer application zone at lac-
quering line (2) did not originate from the analyzed 
systems, but rather from the UV-cured aqueous prod-
ucts applied earlier at the same line. 

On the basis of the conducted tests, it was found 
that in the analyzed plants emissions of volatile organic 
compounds varied and to a considerable extent de-
pended on the type of the used lacquer application ma-
chine or device. A comparison of TVOC emissions 
from the lacquer application zones in individual lac-
quer application machines is presented in Figure 4. 

The highest TVOC content was detected in the 
air collected from the lacquer application zone with au-
tomated spraying amounting to 9398 μg/m3, while the 
level for the use of a curtain coater was 7606 μg/m3. 
Automated fi nishing lines proved to be superior in 
comparison to the other machines. Concentration of 
VOCs was 2287 and 3741μg/m3. In the case of manual 
spraying, the level of emission from the lacquer appli-
cation zone was varied ranging from 4559 5911 μg/m3 

to 5911 μg/m3. 
When comparing technologies of lacquer product 

application, in which identical lacquer products were 
applied, it needs to be stated that VOCs emissions in 
the plant 1 were 4-fold higher when using automated 
spraying than in the case of surface fi nishing of furni-
ture on the fi nishing line. In turn, in the plants 2 and 3 
these differences were less marked. The fi nishing line 
installed in the plant 2 in the lacquer application zone 
caused air pollution with volatile compounds by 20 % 
higher than the lacquer application with the use of 
manual pneumatic guns. In turn, in the plant 3, surface 
fi nishing with the use of a curtain coater contributed to 
VOC air contamination higher by 28 %. 

4  CONCLUSION
4.  ZAKLJUČAK

1. It was found out that surface fi nishing of furniture 
with waterborne lacquer products causes air pollu-

tion in production halls with volatile organic com-
pounds.

2. A broad spectrum of volatile compounds was found 
in the air collected from the lacquer application 
zones. A characteristic component of emissions, ir-
respective of the type of the applied waterborne 
product, was 2-butoxyethanol, whose concentra-
tion ranged from 293.9 μg/m3 to 4737.1 μg/m3 and 
accounted for 12 % up to 79 % of the total amount 
of all released volatile compounds.

3. It was determined that not only the type of the ap-
plied lacquer product infl uenced the amount and 
type of VOCs emitted during the fi nishing process, 
but a signifi cant role was also played by the type of 
the used lacquer application machine.

4. The use of automated fi nishing lines in surface fi n-
ishing of furniture elements leads not only to an 
increase in effi ciency of the fi nishing process, but 
has a positive effect on the microclimate in the fa-
cilities in which these machines are used. 
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