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Y =)VE/~¥—0020mg/g. FIVATNVTE F0017mg/g. 7t F7ITL F0.007mg/g TH-7,

Abstract

The annual production of water-based adhesives has increased in recent years. However, there are few reports about
the chemicals emitted from water-based adhesives. To investigate volatile organic compounds (VOCs) and aldehydes
emitted from water-based adhesive, six adhesive products sold for domestic use were dried in a Tedlar®Bag for 24
hours, then the air in the Tedlar®Bag was analyzed by gas chromatography/ mass spectrometry (GC/MS) and
high-performance liquid chromatography (HPLC). The predominantly detected compounds were acetic acid, 1-butanol,
vinyl acetate, ethyl acetate, dimethyl glutarate, 3-methyl-3-methoxybutanol, 2-(2-butoxyethxy)ethanol, undecane,
dodecane, formaldehyde, and acetaldehyde.

Polyvinyl acetate adhesive, which is one of the most commonly used water-based adhesives, is commonly used for
arts and crafts lessons in elementary schools. To estimate indoor air pollution by polyvinyl acetate adhesive in a
classroom, the temporal change of VOCs and aldehydes concentration emitted from newly applied polyvinyl acetate
adhesive were measured by the small chamber test method. An exponential equation was then developed to evaluate
the emission parameters of VOCs and aldehydes. The compounds detected in the chamber and their model-derived
primary emission rates were 3-methyl-3-methoxybutanol at 183 + 31.0 mg/m*/hr, acetic acid at 164 % 42.0 mg/m?hr,
vinyl acetate at 24.0 £+ 2.4 mg/m”hr, formaldehyde at 0.54 + 0.07 mg/m?hr and acetaldehyde at 0.92 + 0.25 mg/m*hr.
For calculations the indoor environment in the classroom was defined as volume = 192m’ air change rate = 2.2/hr,
number of students in the class = 40 and adhesive application area = 300cm? per student. The estimated maximal
concentration increase obtained by applying the polyvinyl acetate adhesive was about 1 ug/m’ for formaldehyde and
acetaldehyde, and about 670 ug/m® for the tota VOCs detected. The concentrations of predominantly detected VOCs
and aldehydes in the polyvinyl adhesive were 5.8 mg/g for 3-methyl-3-methoxubutanol, 3.2 mg/g for acetic acid, 0.017
mg/g for formaldehyde and 0.007 mg/g for acetaldehyde.

Key words: water-based adhesive, polyvinyl acetate adhesive, aldehyde,
volatile organic compound, emission rate, indoor air
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Table 1 Characteristics of six water-based adhesive products studied

Product Contents(printed in package or bottle) Application

PVACA Polyvinyl acetate :41%, Water :59%, wood, fabric, paper
non-formaldehyde, non- plasticizer

PVAcB Polyvinyl acetate :41%, Water :59%

EVA (Poly)ethylene-vinylacetate :55%, wood, fabric, paper,
Water :45%, leather
non-formaldehyde, non- plasticizer

PAr Polyacrylate wood, concrete

PAr-co Acrylate copolymer :33%, Water, Inorganic substance wood, concrete, metal

PIC Poly-isocyanate :36%, non-solvent paper, wood, fabric

Table 2 Operation conditions for thermal desorption system and GC/MS

Thermal desorption system

Desorption temp. 280 °C
Desorption time 5min
Desorption flow 50ml/min
In split ratio 1:2
Transfer line temp. 200 °C
Cold trap temp. low-high(hold) 4 °C-280 °C (3min)
Cold trap adsorbent Tenax TA
Out split ratio 1:6
GC/MS
Column DB-1 0.25mmid. X 30m, 1 um
Carrier gas He, 50kPa
Detector temp. 200 °C

Column temp.

Acquisition mode

40 °C (3min) - 12 °C /min-220 °C (2min) -

20 °C /min-300 °C (1min)

Scan(m/z 40 - 350)
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Table 3 Operation conditions for HPLC

ZORBAX Bonus RP
46 mmid. X 5cm, 5um

Column temp. 40 °C

Eluent Acetonitrile 60 : Water 40 :Tertahydrofuran 0.1
Flow rate 1.0 ml/min

Injection vol. 20 ul

Wave-length 360 nm
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Fig. 2 GC/MS chromatograms of VOCs emitted from the six
kinds of water-based adhesives
PVAc A: Polyvinyl acetate(non - plasticizer)
PVAc B: Polyvinyl acetate(contains plasticizer)
EVA: (Poly)ethylene - vinylacetate, PAr: Polyacrylate
PAr - co: Acrylate copolymer, PIC: Poly -isocyanate
*2 - (2 - Butoxyethoxy)ethanol
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Fig. 3 HPLC chromatograms of aldehydes emitted from
the six kinds of water-based adhesives
PVAc A:Polyvinyl acetate (non - plasticizer)
PVAc B:Polyvinyl acetate(contains plasticizer)
EVA:(Poly)ethylene - vinylacetate, PAr:Polyacrylate
PAr - co:Acrylate copolymer, PIC: Poly -isocyanate
FA:Formaldehyde, AA:Acetaldehyde,
BA:Benzaldehyde
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Table 4 Predominant VOCs and aldehydes emitted from six water-based adhesive products in

a Tedlar®Bag for 24 hours

Product Predominant compounds (mg/g wet adhesive)

PVACA tert - Butanol (0.007) Vinyl acetate (0.027)
Ethyl acetate (0.007) Acetic acid (0.94)
3 -Methyl - 3 - methoxybutanol (0.89)
Formaldehyde (0.007) Acetaldehyde (0.003)
Acetone (0.007)

PVAcB Acetic acid (0.30) Phenoxyethanol (0.005)
Acetone (0.002)

EVA tert - Butanol (0.035) Vinyl acetate (0.67)
Ethyl acetate (0.026) Acetic acid (1.1)
1 - Butanol (0.41) Dimethyl scuccinate (0.27)
Dimethyl glutarate (0.39) Dimethyl adipate (0.055)
Formaldehyde (0.008) Acetaldehyde (0.024)
Acetone (0.011)

PAr tert - Butanol (0.008) 1-Butanol (0.39)
Decane (0.028) Undecane (0.056)
2 - (2 - Butoxyethoxy)ethanol (0.14)
Dodecane (0.055) Tridecane (0.038)
Tetradecane (0.011) Acetone (0.003)
Benzaldehyde (0.004)

PAr-co 1 -Butanol (0.38) Dibutyl ether (0.006)
Decane (0.007) Undecane (0.021)
2 - (2 - Butoxyethoxy)ethanol (0.15)
Dodecane (0.027) Tridecane (0.023)
Tetradecane (0.005) Acetone (0.001)
Benzaldehyde (0.004)

PIC Formaldehyde (0.015)

The experimental conditions: Weight of water - based adhesives: 1g, Loading area: 33 cm?,

Air volume: 85 L, Loading factor: 0.4 m*m®.
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Fig. 4 Time vs. concentration curves for release of VOCs and aldehydes from the
water-based polyvinyl acetate adhesive (PVAc A).
The concentrations were measured in a 20 L chamber with an air exchange
rate of 0.5/h. Measurement was started immediately after applying the
adhesive on a glass plate with a loading factor of 0.4 m*m® (n=3). The
modeled concentration curves were calculated using an exponential model.
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Fig. 5 Modeled concentration of VOCs and aldehydes
emitted from water-based polyvinyl acetate
adhesive (PVAc A) during an arts and crafts period
in an elementary school. The indoor environment
in the classroom was defined as volume = 192 m’,
air change rate = 2.2/hr, number of students in the
class = 40, and adhesive application area = 300 cm?
per student

Table 5 Modeled emission parameters of VOCs and aldehydes from the water-based polyvinyl

acetate adhesive (PVAc A)

Squared Initial Emission The sum
Compound corre!a.tion emission rate: rate decay of
coefficient EF, constant: k squared
R? (mg/m®/hr) (hr) error
tert - Butanol 0.997 84 £ 035 21 £0.10 0.005
Vinyl acetate 0.986 240 + 24 24 £ 0.28 0.16
Ethyl acetate 0.979 170 £ 2.8 3.3 £ 0.59 0.076
Acetic acid 0.640 164 + 42.0 0.94 = 0.30 484
3-Methyl-3-methoxybutanol 0.727 183 + 31.0 0.17 + 0.05 3770
Formaldehyde 0.864 0.54 + 0.07 0.21 + 0.04 0.013
Acetaldehyde 0.868 0.92 = 0.25 25 £ 0.79 0.002
Acetone 0.992 24 +0.18 25+ 021 0.001
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Fig. 6 Recovery of VOCs and aldehydes from the water-based polyvinyl acetate

adhesive (PVAc A) (n=3)
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Table 6 Contents of VOCs and aldehydes extracted with 50% methanol, and those emitted from the

water-based polyvinyl acetate adhesive (PVAc A ) in the chamber over 24 hours

Weight (mg/g wet adhesive)

Extracted with 50% Emitted in the chamber

Compound methanol within 24-hours**
tert-Butanol NA 0.012
Methyl acetate 0.016* 0.001

Vinyl acetate 0.020 0.027

Ethyl acetate 0.014 0.014
Acetic acid 32 1.1
3-Methyl-3-methoxybutanol 5.8 3.4
Formaldehyde 0.017 0.008
Acetaldehyde 0.007 0.002
Acetone NA 0.003

NA: not analyzed

*Methyl acetate was thought to have increased during the extraction procedure by esterization of
methanol in the extraction solvent and acetic acid in the adhesive.

*¥The experimental conditions for the chamber test: Weight of water-based adhesives: 2.4 g, Loading
area: 80 cm’, Chamber volume: 20 L, Loading factor: 0.4 m*/m?®.
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