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Table 1. Characteristics of Water-based Adhesive Products

Adhesive Contents (printed in package or bottle) Application
PVA Polyvinyl acetate :41%, Water :59%, wood, fabric, paper
non-formaldehyde, non- plasticizer
EVA (Poly)ethylene-vinylacetate :50%, Water :50%, wood, fabric, paper,

non-formaldehyde, non- plasticizer

plasterboard

Table 2. Characteristics of Wooden Boards

Kind of Woods LengthX\%iZ(ft:hXHeight SurfacezArea
(cm) (em)
Coniferous
Agathis 10.0x10.0x0.5 220
Pine 19.5%4.5x1.5 248
Cedar 25.0x4.0x1.3 275
Hardwoods
Lauan 8.3x12.0x0.8 232
Aspen 19.8%4.8x1.0 239
Paulownia 20.0%4.5%x0.8 219
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Table 3. Characteristics of Plywoods

Size:
Plywood No Lengthxwidthxheight ~ Surface Area
cm om
1 12.7x8.0x1.2 253
2 17.5%6.0x1.2 266
3 9.8x10.5x1.2 255
4 12.5%7.8x1.2 244
5 11.0%x9.0x1.2 246
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Fig. 1. Chromatogram of Acetic Acid and
Formic Acid
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Fig. 2. Emission Rate of Acetic Acid and Formic Acid emitted from PVA and EVA
PVA: Vinyl Acetate Resin Type Adhesive, EVA: Ethylene-vinyl Acetate Resin Type Adhesive.
@ Dry Air: Cured Adhesive and Dry Air were placed in the Gas Sampling Bag and allowed to stand for 2 Hours

(n=3).

@ Wet Air: Cured Adhesive and Wet Air (Humidity 90%) were placed in the Gas Sampling Bag and allowed to

stand for 2 Hours (n=3).

@ 3hrs Wet: After keeping the Cured Adhesive under Humidified Conditions for 3 Hours, put it in a Gas
Sampling Bag and add Humidified Air (Humidity 90%) and left for 2 Hours (n=3).
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Fig. 3. Time Course of Acetic Acid and Formic Acid Concentration emitted from Vinyl Acetate Based Adhesive in a
Gas Sampling Bag
(A) The Gas in Gas Sampling Bag which emitted from Cured PVA and EVA Adhesive and packed with the Adhesive

(n=3).

(B) The Gas in Gas Sampling Bag which emitted and separated from Cured PVA and EVA Adhesive (n=3).
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Fig. 4. Emission Rate of Acetic Acid and Formic Acid emitted from Coniferous and Hardwood Tree
D Dry Air: A piece of Wood and Dry Air were placed in the Gas Sampling Bag and left for 2 Hours (n=3).
@ Wet Air: A Piece of Wood and Wet Air (Humidity 90%) were placed in the Gas Sampling Bag and allowed to stand for 2

Hours (n=3).

@ 3hrs Wet: After keeping a Piece of Wood under Humidified Conditions for 3 Hours, put it in a Gas Sampling Bag with

Humidified Air (Humidity 90%) and left for 2 Hours (n=3).
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@ Wet Air: A Piece of Plywood and Wet Air (Humidity 90%) were placed in the Gas Sampling Bag and allowed to stand
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Fig. 5. Emission Rate of Acetic Acid and Formic Acid emitted from Plywood
D Dry Air: A Piece of Plywood and Dry Air were placed in the Gas Sampling Bag and left for 2 Hours (n=1).

for 2 Hours (n=1).

@ 3hrs Wet: After keeping a Piece of Plywood under Humidified Conditions for 3 Hours, put it in a Gas Sampling Bag
with Humidified Air (Humidity 90%) and left for 2 Hours (n=1).
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Investigation of Sources of Acetic Acid and Formic Acid in Residential Environments

—Emission Amount Measurement from Aqueous Adhesives and Woods—

Tsuyoshi IGARASHI?, Tokuko TSUNODA?, Aya ONUKI? Tomoko OKUBO?, Ikue SAITO?, Hiroyuki KONISHI?,
and Takako MORIYASU?

To obtain data on the sources of acetic acid and formic acid in indoor environments, the emission rates of acetic acid and formic acid
were measured for PVA and EVA, which are aqueous adhesives, and wood, along with the change in the emission amounts due to
humidity. When PVA and EVA samples dried on glass plates for 3 days were examined, the emission of acetic acid and formic acid
was confirmed in all cases: the emission rate of acetic acid was higher in PVA and that of formic acid was higher in EVA. Also, as the
settling time under humidified conditions was increased, the emission rate of acetic acid and formic acid increased. The same samples
were subsequently placed in a gas sampling bag and the concentration change of acetic acid and formic acid was measured for 13 days.
Consequently, the emission rate of acetic acid from PVA and EVA increased approximately twofold compared with the emission rate
on the first day, whereas the emission rate of formic acid changed by a factor of 2.8 for PVA and 0.91 for EVA. Also, when the gas
generated from PVA and EVA was transferred to another gas sampling bag and measured in the same manner, the formic acid emission
rate decreased by approximately one-half for both PVA and EVA, whereas the formic acid emission rate changed by a factor of 1.9 for
PVA and 0.87 for EVA. The emission rates of acetic acid and formic acid generated from coniferous and hardwood trees were
subsequently measured. The main organic acid emitted from each wood was acetic acid; pine and paulownia exhibited the highest
emission rates, whereas lauan exhibited the lowest emission rates. The emission rates of acetic acid and formic acid generated from five
types of plywood were measured; their emission rates differed greatly depending on the product. From the aforementioned results, we

found that PVA and EVA aqueous adhesives and wood are sources of both acetic acid and formic acid.

Keywords: Indoor air, Acetic acid, Formic acid, Aqueous adhesive, Vinyl acetate resin based adhesive, Ethylene-vinyl acetate resin

adhesive, Paulownia, Pine, Lauan, Plywood
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