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Abstract

This article addresses the issue of VOC emissions from upholstery materials (natural leather) used
for the manufacturing of upholstered furniture. The main intention of this paper is to compare VOC
emissions released from different types of natural upholstery leathers. This research has assessed the
impact of various factors (e.g. the organic origin of leather, the type of tanning, the type of upholstery
leather and the leather finish etc.) on the amount of VOC emissions from natural leathers used for the
production of upholstered furniture. 1 m? samples of natural leather were prepared for testing before
being placed into a small test chamber (I m? volume). VOC emission measurements were taken in
a small test chamber with predefined conditions (an ambient temperature of 23°C and 50% relative
air humidity). With the use of sorbent Tenax TA were, the values of VOC emissions released by the
test sample of different types of leather into desorption tubes was then recorded. VOC emissions were
analysed in an Agilent GC 6890 N gas chromatograph using an Agilent 5973 Network mass spectrometer
using cryofocusing, thermal desorption and a GC-MS data library (NIST 05). The analyses conducted
provide qualitative and quantitative data regarding the concentration of selected VOC representatives

measured in pg.m3. The quantitative difference in all emitted organic compounds is shown by

the measured values of the TVOC parameter.
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Introduction

The indoor air pollution comes from sources inside
the building, such as adhesives, carpeting, wooden or
upholstery furniture and wood products or cleaning
products, which may emit volatile organic compounds
(VOCs) [1-4]. However, the outdoor air that enters the
building can also be the main source of indoor air VOC
pollution [5]. Therefore, if an appropriate ventilation
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rate with good quality outdoor air is applied to the
dwelling, VOC concentration could be maintained
in an acceptable level [6]. VOCs originate from both
indoor and outdoor sources [7]; they are of particular
concern due to their potential impact on human health.
Formaldehyde and benzene [8], for example, are some
of the most studied pollutants since they are classified
in Group 1 of human carcinogens by the International
Agency for Research on Cancer [9]. For many of these
chemicals, the risk on human health and comfort is
almost unknown and difficult to be predicted because
of the lack of toxicological data. In the frame of the
INDEX project [10] the existing knowledge worldwide
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has been assessed in terms of type and levels of
chemicals in indoor air, as well as, the available
toxicological information. It was concluded that VOCs
such as benzene, formaldehyde, acetaldehyde, toluene
and xylenes have to be considered as priority pollutants
with respect to their health effects [11]. On the other
hand, chemicals such as limonene and a-pinene require
further research with regard to human exposure or dose
response and effects.

The main sources of aldehydes in homes include
building materials, hardwood, plywood, laminate
floorings, covering upholstery materials, adhesives,
paints and varnishes and in some cases they are products
of ozone- initiated reactions [12, 13]. For example,
interior coatings can increase indoor air pollution due to
VOC emissions [14]. Some of the major VOCs emitted
from an oil-based varnish were ethylbenzene, m,p-
xylene, o-xylene and formaldehyde [15].

Soft furniture such as sofa, as an important part of
civil furniture, has become one of the major sources of
indoor air pollution. Due to the advantage of abundant
resources and efficient function, leather has been the
common raw and auxiliary materials of soft furniture
[16].

Research study on the release of emissions Volatile
Organic Compounds (VOCs) in natural leather
samples by emission test chamber method found 21
kinds of VOCs detected from leather seat samples,
including several types of aldehydes, ketones, aromatic
hydrocarbons, alkanes, lipids etc [17]. The release trend
of major volatile organic compounds in leather seats
is consistent with the trend of total volatile organic
compounds (TVOC). Both have shown a tendency of
release rate from fast to slow and finally achieving a
stable release [18].

One of the potentially important sources of organic
emissions in leather seats comes from leather and other
raw and auxiliary materials [19]. This may be because
part of solvents, crosslinking agents and synthetic
monomers remain in leather products after the pre-
treatment processing when a large number of additives
(degreasing agent, crosslinking agent, etc.) and organic
solvents (toluene, N,N-dimethyl formamide, etc.)
are used [20]. Another experimental study reports
the presence of specific chemical substances such
as: 1,2-propandiol, 1-methoxy-2-propanol, N-ethyl-2-
pyrrolidone in natural upholstery leather samples [21].

Material and Methods

This research describes the VOC emissions emitted
from covering materials used for upholstery furniture
production, especially nature leathers. The main goal
of this contribution is comparison of VOC emissions
emitted from different types of nature upholstery
leathers. This research judged the influence the impact
of different factors (such as: animal origin, type of
tanning, type of upholstery leathers etc.) on amount
VOC emissions from natural leathers, that use for
upholstery furniture production.

The select covering materials (natural leathers) were
taken from the normal manufacturing process, wrapped
in aluminium foils and delivered to the test laboratory.
Natural leather samples were prepared from different
type of materials in depending on these factors (animal
species, type of tanning, type of upholstery leather).

The samples were formatted to the required sizes
(710 x 710 x 1 mm) and then were divided into three
groups depending on monitored factors. The first
sample from tested samples was inserted into the test
chamber (CSN EN ISO 16000-9) immediately after
unpacking from aluminium foil. The parameters of
tested upholstery leather samples are shown in Tables
1 to 3.

Then we started to collect VOC emission emitted
by the tested sample into the desorption tubes on
the sorbent Tenax TA (porous polymer based on
2,6-diphenyl oxide with a grain size of 0.18-0.25 mm)
[22].

The air sample in desorption tube with the captured
sample of VOC emissions is then analysed in a gas
chromatograph with a mass spectrometer and thermal
desorption.

The conducted analyses provide qualitative and
quantitative data on the concentrations of selected VOC
and the total volatile organic compounds (TVOC) in
ug.m3,

a) The influence of an organic type of leather (of animal
origin) on VOC emissions

b) The influence of different types of tanning (chrome-
plated or tanned leather) on the amount of emission

VOC emissions
¢) Comparison of VOC emissions from different types

of upholstery leathers

Table 1. The parameters of upholstery leather samples in dependence on animal origin.

No. | Type of tanning Coul.ltr.y of | Sizes offsample (mm) Animal origin Production Colour Surface treatment
ongin Length Width date
1 Chrome-plated India 710 710 Buftalo 9.1.2018 Claret | Acrylic water-borne paint
2 Chrome-plated Brazil 710 710 Cow 23.1.2018 | Anthracite | Acrylic water-borne paint
3 Chrome-plated India 710 710 Pig 4.2.2018 Grey Acrylic water-borne paint
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Table 2. The parameters of upholstery leather samples in dependence on different types of tanning.

Sizes of sample ) )
No. Type of tanning Com.mty of (mm) An} mal Production Colour Surface treatment
origin - origin date
Length | Width
1 _ Chrome-plated Brazil 710 710 | Cow | 1422018 | Lrown |ACTylic water-bome
without preservatives paint
2 Chrome-plated Brazil 710 710 | Cow | 532018 |Lightbrown |/*crylic water-borne
with preservatives paint
3 Tanned without Brazil 710 | 710 | Cow | 1232018 | Brown |AcCHlic water-bome
preservatives paint
4 Tanned with Brazil 710 710 Cow 1532018 | Light brown | ACYlic Water-borne
preservatives paint
Table 3. The parameters of upholstery leather samples in dependence on their comparison.
Sizes of sample (mm) :
No. Type of tanning Coul.mjy of Animal origin Pro;luctlon Colour Surface treatment
origin Length | Width ate
1 Chrome-plated |  India 710 710 Cow 18.4.2018 Brown Water-borne
two-tone effect
. . Water-borne
2 Chrome-plated Brazil 710 710 Cow 25.4.2018 | Light green paint
3 | Chrome-plated | India 710 710 Cow 1052018 | Brown | Tigmentedwith
two-tone effect
4 | Chrome-plated | Brazil 710 710 Cow 16.5.2018 Blue Wat;;ztome

Methodology of Quantitative and Qualitative
Determination of VOC Emissions

Quantitative and qualitative determination of VOC
emissions is performed on tested samples of covering
materials especially on natural leathers. The effect
of climatic conditions is also detected in the tested
materials before the sampling of VOC emissions. The
tested materials will be evaluated according to the time
(age) from the date of production in the following time
interval for 1, 3, 7, 28 and 120 days after the insertion
of the samples into the VOC TEST 1000 small-space
chamber.

The part of the measurement of VOC emissions
is also the determination of total volatile organic
compounds called TVOC (Total Volatile Organic
Compounds. TVOC measurement is enabled by
implementing an analytical and evaluation method
within GC-MS.

Air Samples

In the present study, air samples from tested samples
were collected onto Tenax TA adsorbent (sampling
rate 200 mL min’, time 180 min.) from small space
chamber (a volume 1 m?®). Air samples were analysed
with a gas chromatograph (HP 6890) equipped with
a mass selective detector (MSD 5973) after thermal
desorption at 250°C for 3 min (Scientific Instrument

Services TD4). The column was HP-5MS (column
length 30 m, i.d. 0,25 mm, film thickness 1 um), and
the identification of the compounds was accomplished
by retention times, standard compounds, and GC-MS
data library (NIST 05).

The total VOC emission was first calculated by
combining the peak areas of all identified compounds,
after which the relative proportion of individual
compounds from the total emission was calculated. The
TVOC value is defined to be the integrated detector
response value in toluene equivalents of compounds
eluting between and including C, to C,  as given in ISO
16000-6.

Evaluation of VOC and VVOC

The internal standard (D10-0-Xylen) method is
used for the evaluation. Individual VOCs, VVOCs are
evaluated by SIM recording. The results are evaluated
in the ChemStation software environment after the
completion of gas chromatograph analysis. The
calibrated compounds are identified by the retention
times, target and control ions in the SIM record and the
software carries out the quantification of the analyte
(ng.tube™). The results are obtained from the report
of the measured data of VOC and VVOC substances
followed by the conversion to weight concentration
(ug.m?). The calculation is carried out according to
Equation 1.
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p,_mr
=7

In which: px is the mass concentration of the analyte in
the air sample (pg.m)

m, is the amount of analyte captured on the tube (ng)

V is the collected air volume (liters)

Results and Discussion

This research study focused on the issue of
VOC emissions from natural leathers used for the
manufacture of upholstered furniture. Emissions
from volatile organic compounds from different
types of upholstery leather, in relation to the factors
observed, were compared with the GC-MS analysis.
VOC emissions from test samples were measured as
a function of time (the time since insertion of the test

The experimental part of this study was divided into
three parts:
a) To determine the influence of an organic type of
leather (of animal origin) on VOC emissions.
b) To determine the influence of different types of
tanning (chrome-plated or tanned leather) on the
amount of VOC emissions.
To compare the VOC emissions from different types
of upholstery leather.
The results of VOC emissions from natural
upholstery leather samples in relation to animal species
are shown in Tables 4-6. The test results show the
measurement of more than 40 types of VOC released
from the leather samples, including several types of
aromatic substances, aldehydes, terpenes, and chemicals
typical from natural leathers, such as: propylene glycol
I-methyl ether (synonym: I-methoxy-2-propanol,
CAS no. 107-98-2), Propylene glycol (synonym: 1,2
propanediol, CAS no.: 57-55-6); dipropylene glycol

©)

sample into the test chamber) according the standard monomethyl —ether (DPGMME, isomer-1, CAS
CSN EN ISO 16000-9. n0.13429-07-7) [23].
Table 4. VOC emission values from natural buffalo leather depending on the animal origin.
VOCs Time dependence [days]
1D 3D 7D 28D 120 D
Average of Average of Average of Average of Average of
No. resulttexpanded | resulttexpanded | resulttexpanded | resulttexpanded | resulttexpanded
measurement measurement measurement measurement measurement
uncertainty uncertainty uncertainty uncertainty uncertainty
Unit pg/m? pg/m? pg/m? pg/m? pg/m?
1. Formaldehyde <3 <3 <3 <3 <3
2. 1,3-Butadiene <0.3 <0.3 <0.3 <0.3 <0.3
3. Acetone <0.1 <0.1 <0.1 <0.1 <0.1
4. Butanal <0.1 <0.1 <0.1 <0.1 <0.1
5. Ethyl acetate <0.1 <0.1 <0.1 <0.1 <0.1
6. Crotonaldehyde (0.2+0.06) (0.4+0.1) (0.3£0.1) <0.1 <0.1
7. Benzene <0.1 (0.2+0.06) <0.1 <0.1 (0.1+0.03)
8. 1-Methoxy, 2-propanol (30.3+9.1) (15.1+4.5) (10.9+3.3) (0.9+0.3) (0.2+0.06)
9. Pentanal (0.3+0.1) (0.3+0.1) (0.5+0.2) <0.1 <0.1
10. Trichlorethylene <0.1 <0.1 <0.1 <0.1 <0.1
11. Toluene (0.4+0.1) (1.9+0.6) (3.9+1.2) <0.1 <0.1
12. Hexanal (2.7+0.8) (1.9£0.6) (0.9+0.3) (0.2+0.06) (0.1£0.03)
13. Tetrachlorethylene <0.1 (0.1+0.03) (0.1+0.03) (0.1+0.03) (0.1+0.03)
14. n-Butyl acetate (0.2+0.06) (0.4+0.1) (0.240.06) (4.4£1.3) (0.1£0.03)
15. Furfural (0.2+0.06) (0.1+0.03) (0.1+0.03) <0.1 (0.1£0.03)
16. Ethylbenzene (0.1£0.03) (0.5£0.2) (0.4+0.1) <0.1 (2+0.6)
17. m,p-Xylene (0.2+0.06) (0.7+0.2) (0.9+0.3) <0.1 (6.1+1.8)
18. Styrene <0.1 (0.1£0.03) (0.1£0.03) <0.1 <0.1
19. 1,2 propandiol (7.842.3) (6.3£1.9) (0.3+0.1) (0.1+0.03) (0.1£0.03)
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Table 4. Continued.
20. Cyclohexanone <0.1 <0.1 <0.1 <0.1 <0.1
21. 0-Xylene (0.1+0.03) (0.3+0.1) (0.2+0.06) (0.1£0.03) (1.5£0.5)
22. Heptanal (1.1£0.3) (0.4+0.1) (0.2+0.06) (0.1+0.03) <0.1
23. Butoxy-Ethanol (53.5¢16.1) (28.448.5) (7.8+2.3) (1.4+0.4) (0.2+0.06)
24. a-Pinene <0.1 (0.2+0.06) (1+0.3) <0.1 <0.1
25. Camphene <0.1 <0.1 (0.1£0.03) <0.1 <0.1
26. Benzaldehyde (1.1£0.3) (0.4+0.1) (0.2+0.06) (0.2+0.06) (0.1£0.03)
27. 3-Ethyl-Toluene (0.2+0.06) (0.1£0.03) (0.1£0.03) (0.1£0.03) <0.1
28. 4-Ethyl-Toluene (0.3£0.1) <0.1 (0.1£0.03) (0.1£0.03) <0.1
29. 1.3.5-Trimethyl-Bnezene (0.1£0.03) <0.1 <0.1 (0.1x0.03) <0.1
30. Phenol (1+0.3) (0.9+0.3) (0.840.2) (0.7+0.2) (0.5£0.2)
31 B-Pinene <0.1 (0.1+0.03) (0.10.03) <0.1 <0.1
32. 2-Ethyl Toluene <0.1 <0.1 <0.1 <0.1 <0.1
33. Myrcene <0.1 <0.1 (0.1+0.03) (0.2+0.06) <0.1
34. 1.2.4-Trimethyl-Benzene <0.1 <0.1 <0.1 (0.1+0.03) <0.1
35. Octanal (2.7£0.8) (0.8+0.2) (0.7£0.2) <0.1 <0.1
36. a-Phelandren <0.1 <0.1 <0.1 <0.1 <0.1
37. 3-3-Carene <0.1 (0.3£0.1) (0.3+0.1) <0.1 <0.1
38. 1.4-Dichlorbenzene <0.1 <0.1 <0.1 <0.1 <0.1
39. DPGMME. isomer 1 (0.3£0.1) (0.3+0.1) (0.2+0.06) (0.2+0.06) (0.1£0.03)
40. 1.2.3-Trimethyl-Benzene <0.1 (0.1+0.03) (0.1£0.03) (0.1£0.03) <0.1
41. Limonene (0.1+0.03) (0.2+0.06) (0.1£0.03) <0.1 <0.1
42. y-Terpinene <0.1 <0.1 <0.1 <0.1 <0.1
43. Nonanal (18.1£5.4) (8.2+2.5) (3.8£1.1) (2.5+0.8) <0.1
44. Decanal <I.1 <1.1 <1.1 <1.1 <l.1
45. Bornyl acetate <0.1 <0.1 <0.1 <0.1 <0.1
46. TVOC, (548+164) (336+101) (272482) (158+47) (118+35)
Table 5. VOC emission values from natural cow leather depending on the animal origin.
VOCs Time dependence [days]
1D 3D 7D 28D 120D
Average of Average of Average of Average of Average of
No. resulttexpanded | resulttexpanded | resulttexpanded | resultrexpanded | result+expanded
measurement measurement measurement measurement measurement
uncertainty uncertainty uncertainty uncertainty uncertainty
Unit pg/m? pg/m?3 pg/m3 pg/m? pg/m’
1. Formaldehyde <3 <3 <3 <3 <3
2. 1,3-Butadiene <0.3 <0.3 <0.3 <0.3 <0.3
3. Acetone <0.1 <0.1 <0.1 <0.1 <0.1
4. Butanal <0.1 <0.1 <0.1 <0.1 <0.1
5. Ethyl acetate <0.1 <0.1 <0.1 <0.1 <0.1
6. Crotonaldehyde <0.1 (0.1+0.03) <0.1 (0.1£0.03) <0.1
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Table 5. Continued.

7. Benzene <0.1 <0.1 <0.1 <0.1 (0.1£0.03)
8. 1-Methoxy, 2-propanol (20.0+6) (12.3+£3.7) (3.6x1.1) (0.1+0.03) (0.1+0.03)
9. Pentanal (0.1£0.03) (0.1£0.03) (0.1£0.03) (0.4+0.1) <0.1
10. Trichlorethylene <0.1 <0.1 <0.1 <0.1 <0.1

11. Toluene <0.1 (0.1£0.03) <0.1 (2.5£0.8) (0.1£0.03)
12. Hexanal (2.8+£0.8) (2.0£0.6) (1.6+0.5) (1.3+£0.4) <0.1
13. Tetrachlorethylene <0.1 <0.1 <0.1 <0.1 <0.1
14. n-Butyl acetate <0.1 <0.1 <0.1 (0.10.03) (0.1£0.03)
15. Furfural (0.240.06) (0.1£0.03) (0.1£0.03) (0.1+£0.03) <0.1
16. Ethylbenzene <0.1 (0.1£0.03) <0.1 (0.5+0.2) (0.1£0.03)
17. m,p-Xylene <0.1 (0.1+0.03) (4.7£1.4) (0.1+0.03) <0.1
18. Styrene <0.1 (0.1£0.03) <0.1 (0.3£0.1) <0.1
19. 1,2 propandiol (4.0£1.2) (3.2+1) (0.3£0.1) (0.2+0.06) (0.1+0.03)
20. Cyclohexanone <0.1 <0.1 <0.1 <0.1 <0.1
21. 0-Xylene <0.1 <0.1 <0.1 (1.2+£0.4) (0.1+0.03)
22. Heptanal (0.1£0.03) (0.1£0.03) <0.1 <0.1 <0.1
23. Butoxy-Ethanol (44.3£13.3) (22.446.7) (6.3£1.9) (0.2+0.06) (0.1£0.03)
24. a-Pinene <0.1 <0.1 (0.1£0.03) (1£0.3) <0.1
25. Camphene <0.1 <0.1 <0.1 (0.2+0.06) <0.1
26. Benzaldehyde (2.1£0.6) (0.6+0.2) (0.1£0.03) (0.2+0.06) <0.1
217. 3-Ethyl-Toluene (0.4+0.1) (0.1£0.03) <0.1 <0.1 <0.1
28. 4-Ethyl-Toluene <0.1 <0.1 <0.1 <0.1 <0.1
29. 1,3,5-Trimethyl-Bnezene <0.1 <0.1 <0.1 (0.1£0.03) <0.1
30. Phenol (0.4+0.1) (0.4£0.1) (0.4£0.1) (0.240.06) (0.4+0.1)
31. B-Pinene <0.1 <0.1 <0.1 <0.1 <0.1
32. 2-Ethyl_Toluene <0.1 <0.1 <0.1 (0.1£0.03) <0.1
33. Myrcene <0.1 <0.1 <0.1 <0.1 <0.1
34. 1,2,4-Trimethyl-Benzene <0.1 (0.1£0.03) <0.1 (0.1£0.03) <0.1
35. Octanal <0.1 (0.2+0.06) (0.10.03) <0.1 <0.1
36. a-Phelandren <0.1 <0.1 <0.1 <0.1 <0.1
37. 3-5-Carene <0.1 (0.1£0.03) (0.1+0.03) (0.5£0.2) <0.1
38. 1,4-Dichlorbenzene <0.1 <0.1 <0.1 <0.1 <0.1
39. DPGMME, isomer 1 (0.2+0.06) (0.2+0.06) (0.2+0.06) (0.1£0.03) (0.1£0.03)
40. 1,2,3-Trimethyl-Benzene <0.1 <0.1 <0.1 <0.1 <0.1
41. Limonene <0.1 (2.9£0.9) (0.10.03) (0.3£0.1) (0.1£0.03)
42. y-Terpinene <0.1 <0.1 <0.1 <0.1 <0.1
43. Nonanal (1.7£0.5) (0.7+0.2) (0.3+0.1) <0.1 <0.1
44. Decanal <I.1 <l.1 <I.1 <I.1 <1.1
45. Bornyl acetate <0.1 <0.1 <0.1 <0.1 <0.1
46. TVOC, (422+127) (272+82) (197£59) (128+38) (91+27)
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Table 6. VOC emission values from natural pig leather depending on the animal origin.
VOCs Time dependence [days]
1D 3D 7D 28D 120D
Average of Average of Average of Average of Average of
No. result+expanded | resulttexpanded | result+expanded | resulttexpanded | result+expanded
measurement measurement measurement measurement measurement
uncertainty uncertainty uncertainty uncertainty uncertainty
Unit pg/m? pg/m? pg/m? pg/m? pg/m?
1. Formaldehyde <3 <3 <3 <3 <3
2. 1,3-Butadiene <0.3 <0.3 <0.3 <0.3 <0.3
3. Acetone <0.1 <0.1 <0.1 <0.1 <0.1
4. Butanal <0.1 <0.1 <0.1 <0.1 <0.1
5. Ethyl acetate <0.1 <0.1 <0.1 <0.1 <0.1
6. Crotonaldehyde <0.1 (0.1£0.03) <0.1 (0.1£0.03) <0.1
7. Benzene <0.1 <0.1 <0.1 <0.1 <0.1
8. 1-Methoxy, 2-propanol (16.5+5) (1.9+0.6) (0.2+0.06) (0.1£0.03) <0.1
9. Pentanal <0.1 <0.1 <0.1 (0.3£0.1) <0.1
10. Trichlorethylene <0.1 <0.1 <0.1 <0.1 <0.1
11. Toluene (12.443.7) (2.8+0.8) (2.0+0.6) (1.8+0.5) (0.4+0.1)
12. Hexanal (2.2+0.7) (1.5£0.5) (1.2+£0.4) (0.9£0.3) <0.1
13. Tetrachlorethylene <0.1 <0.1 <0.1 <0.1 <0.1
14. n-Butyl acetate <0.1 <0.1 <0.1 <0.1 (3+0.9)
15. Furfural (0.2+0.06) <0.1 <0.1 (0.1£0.03) <0.1
16. Ethylbenzene <0.1 <0.1 <0.1 (0.3£0.1) (1.3£0.4)
17. m,p-Xylene (4.0£1.2) <0.1 <0.1 (0.7+£0.2) (0.3+0.1)
18. Styrene <0.1 (0.1£0.03) <0.1 (0.2+0.06) <0.1
19. 1,2 propandiol (2.3+0.7) (1.840.5) (1.1£0.3) (0.4+0.1) (0.3£0.1)
20. Cyclohexanone <0.1 <0.1 <0.1 <0.1 <0.1
21. 0-Xylene (1+0.3) (0.1£0.03) (0.1£0.03) (0.1+0.03) <0.1
22. Heptanal <0.1 <0.1 <0.1 <0.1 <0.1
23. Butoxy-Ethanol (36.611) (18.5+5.6) (6.1£1.8) (0.1£0.03) (1+0.3)
24. a-Pinene <0.1 <0.1 <0.1 (0.8+0.2) <0.1
25. Camphene <0.1 <0.1 <0.1 (0.1+0.03) <0.1
26. Benzaldehyde (1.7x0.5) (0.440.1) <0.1 (0.1£0.03) <0.1
217. 3-Ethyl-Toluene (0.2+0.06) <0.1 <0.1 <0.1 <0.1
28. 4-Ethyl-Toluene <0.1 <0.1 <0.1 <0.1 <0.1
20. 1,3,5-Trimethyl-Benzene <0.1 <0.1 <0.1 <0.1 <0.1
30. Phenol (0.3+0.1) (0.3£0.1) (0.3£0.1) (0.1£0.03) (0.4£0.1)
31 B-Pinene <0.1 <0.1 <0.1 <0.1 <0.1
32. 2-Ethyl_Toluene <0.1 <0.1 <0.1 <0.1 <0.1
33. Myrcene <0.1 <0.1 <0.1 <0.1 <0.1
34. 1,2,4-Trimethyl-Benzene <0.1 (0.1£0.03) <0.1 (0.1+0.03) <0.1
35. Octanal <0.1 (0.1+0.03) <0.1 <0.1 <0.1
36. a-Phelandren <0.1 <0.1 <0.1 <0.1 <0.1
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Table 6. Continued.

37. 3-5-Carene <0.1 <0.1 (0.4+0.1) <0.1
38. 1,4-Dichlorbenzene <0.1 <0.1 <0.1 <0.1
39. DPGMME, isomer | (0.2+0.06) (0.1+0.03) (0.1+0.03) (0.1+0.03) (0.1+0.03)
40. 1,2,3-Trimethyl-Benzene <0.1 <0.1 <0.1 <0.1
41. Limonene <0.1 (0.4+0.1) (0.1£0.03) (0.2+0.06) (0.10.03)
42. y-Terpinene <0.1 <0.1 <0.1 <0.1
43. Nonanal (1.2+0.4) (0.4+0.1) (0.10.03) <0.1 <0.1
44. Decanal <1.1 <1.1 <1.1 <1.1
45. Bornyl acetate <0.1 <0.1 <0.1 <0.1
46. TVOC, (346=104) (223+67) (160+48) (1034£31) (78+23)

a) The influence of an organic type of leather (of animal
origin) on the amount of VOC emissions.

b) The influence of different types of tanning (chrome-
plated or tanned leather) on the amount of emission
VOC emissions.
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Fig. 1. 1-Methoxy, 2-propanol from natural leathers based on
different type of tanning.
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Fig. 2. Butoxy-Ethanol from natural leathers based on different
types of tanning.

Fig. 1 shows the influence of different types of
tanning from natural leathers on the quantity of
emissions VOC, especially concentration of 1-Methoxy,
2-propanol. The highest concentration of 1-Methoxy,
2-propanol was found from chrome-plated leather with
preservatives at measurements after 1 day in amount
over 184 pug.m?.

Fig. 2 presents the different types of tanning from
natural leathers on the quantity of emissions VOC,
especially the concentration of Butoxy Ethanol. The
highest concentration of Butoxy-Ethanol was found
from tanned leather with preservatives at measurements
after 1 day.

Fig. 3 presents data of TVOC (Total Volatile
Organic Compounds) from different types of tanning
from natural leathers. The highest amount of TVOC
emitted by tanned leather with preservatives, especially
at measurements after 72 hours.

a) Comparison of VOC emissions from different types
of upholstery leathers.

Fig. 4 there presents different types of upholstery
leathers on content of emissions VOC, especially of
emissions of 1 Methoxy 2 Propanol. The highest
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Fig. 3. TVOC from natural leathers based on different type of
tanning.
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concentration of 1-Methoxy, 2-propanol was found at
measurements after 1 day from chrome-plated leather 4
in amount over 36 ug.m>.

Concentration [pg.m7]

1 3 time [days] 7 28 120
B chrome-plated leather 1 O chrome-plated leather 2
chrome-plated leather 3 B chrome-plated leather 4

Fig. 4. 1-Methoxy, 2-propanol from different types of upholstery
leathers.
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Fig. 5. Butoxy-Ethanol from different types of upholstery
leathers.
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Fig. 6. TVOC from different types of upholstery leathers.

Fig. 5 shows the influence of different types of
upholstery leathers on content of emissions VOC,
especially emissions of Butoxy-Ethanol. The highest
concentration of Butoxy-Ethanol was found at
measurements after 1 day from chrome-plated leather
no. 4 in amount over 429 ug.m?.

Fig. 6 presents data of parameter TVOC, emitted
by different types of upholstery. Parameter of TVOC
is describing the total content of Volatile Organic
Compounds emitted by selected species of upholstery
leathers in depends on time. The highest values of
TVOC were measured at measurements after 1 day
from leather no. 4 in amount 705 ug.m?, followed by
values of concentrations TVOC emitted by chromed
leather no. 2 (in amount 605 pg.m?).

Based on the results presented in this article, we are
able to assess the impact of VOC emissions released
from the respective tested materials.

The Influence of the Type of Natural Leather
(Animal Origin of Leather) on the Amount
of VOC Emissions

Tables 4-6 show the concentration of VOC
emissions from natural upholstery leather in relation
to the animal species (buffalo, cow and pig leather).
One of the main compounds found in our collection of
natural leather VOCs was propylene-glycol-1-methyl
ether (synonymum: 1-methoxy-2-propanol, CAS no.
107-98-2). This chemical substance is widely used
in primers, highly viscous spray paints and bonding
agents in formulated topcoats as constituent additives,
or is mainly used in final leather surface finishes.
The upholstery leather samples tested released
other typical substances such as propylene glycol
(synonymum: 1.2 propanediol, CAS no.. 57-55-6);
dipropylene glycol monomethyl ether (DPGMME,
isomer-1, CAS No.13429-07-7). Propylene glycol is
a chemical used mainly in the surface finish process
and functions as a coalescence substance for coating
applications. Concentrations of other individual volatile
organic compounds (VOC) are very low and their
values are comparable to background values (from
0.4 pg.m? for terpenes — to almost 12 ug.m? for
aromatic chemicals, especially toluene). The values of
the TVOC (total volatile organic compounds) parameter
are not too high (the highest TVOC value was found
in natural buffalo hide in quantities above 500 pg.m?),
but TVOC values decrease depending on the
measurement time [24].

The Influence of Different Kinds of Tanning
(Chrome-Plated or Tanned leather) on the Amount
of VOC Emissions

The results regarding respective chemicals are
shown in Figs 1-2, which demonstrate the influence
of different kinds of tanning from the tested materials
(natural leather) on the amount of volatile organic
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compounds emitted, especially solvents — namely
I-methoxy, 2-propanol, and butoxyethanol in relation
to time, in the course of one month. The measured
data show the dependency of the concentration of
I-methoxy, 2-propanol on the type of tested materials.
The highest concentration of 1-methoxy, 2-propanol
was found when measured after 1 day from chromed
leather with preservatives, in an amount greater than
184 pg.m?. But the concentration of butoxyethanol was
found only in the amount 28.7 pg.m? from chrome-
plated leather with preservatives when measured after
1 day [25].

The data measured reveal the minimal impact of
various tested materials on concentrations of BTEX
and terpene substances. The concentration of these
VOCs was very low, which means that the amount
was below the level of quantification (LOQ). The
concentration of emitted compounds decreases with
time [26].

The values of the so-called total volatile compounds
(TVOC) are among the key observed parameters. TVOC
represents the total amount of VOCs emitted from the
respective materials tested. Fig.3 shows the influence
of the different materials tested on the total amount
of VOC emitted in relation to measured time. The
highest TVOC values were recorded in a measurement
taken after one day from chromium-plated leather with
preservatives in the amount of 383 pg.m?, followed by
the values of TVOC concentrations emitted by chrome-
plated leather without preservatives (in the amount of
366 pg.m?) [27, 28].

Comparison of VOC Emissions from Different Types
of Upholstery Leather

The chamber test showed differences in the
concentration of reactive chemicals from different sample
types of natural upholstery leather. The tested samples
emitted very high concentrations of butoxyethanol and
low amounts of I-methoxy, 2-propanol. The highest
values of VOC emissions were released from natural
leather no. 4. The highest concentrations of 1-methoxy,
2-propanol were found only in the amount above
36 pg.m?, whereas the highest concentration value
of butoxyethanol was detected in the amount above
629 pg.m?® These test substances were not randomly
selected, because 1-methoxy, 2-propanol (Fig. 4) is a
typical compound contained in composite coatings as a
constitutional compound or is used especially in leather
surface finishes [29]. While butoxyethanol (Fig. 5)
was found in very high concentrations from the tested
samples, the concentrations of BTEX compounds
and especially terpene substances were, on the other
hand, very low and their values are comparable
to the background values (from 0,4 pg.m> to 4 pug.m?)
[30].

The results in Fig. 6 show that the trend of releasing
TVOC concentrations is in line with the trend of
several main volatile substances, such as 1-methoxy,

2-propanol, butoxyethanol, BTEX compounds, and
terpenes [31]. All displayed an emission trend in which
the concentration decreased with time, eventually
reaching a stable level.

Conclusions

The main objective of this research was to determine
the influence of various factors (e.g. the animal species,
method of tanning, type of natural leather, etc.) on
the amount of VOC emissions used to manufacture
upholstered furniture.

The test chamber results showed that the
concentrations of VOC emissions from the respective
materials tested are impacted not only by the type of
natural leather, the animal species or the method of
tanning, but also by the different type of the surface
treatment used for the leather finishing.

One of the main compounds found in our collection
of VOC from natural leather was propylene-glycol-
I-methyl ether. The upholstery leather test samples
released other typical substances, such as propylene
glycol and dipropylene glycol monomethyl ether.
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