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Abstract: The reason why wood-based boards are preferred in many areas of use, especially in
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defects such as different work in three dimensions, differences in resistance values, internal
stresses and physical changes seen in solid wood are not encountered in wood-based boards.
Volatile organic compound (VOC) emissions from wood-based panels occur from the raw
materials of the boards and during production stages such as gluing, storage, pressing and drying.
Most of the VOCs from wood raw materials are formed during the drying process. VOCs
contribute to the formation of nitrogen oxides and photo-oxidants in the presence of sunlight.
Photo-oxidants are harmful to humans as they irritate the respiratory and sensitive parts of the
lungs. It also disrupts photosynthesis and damages forests and crops. The aim of this study is to
evaluate the factors affecting the emissions that occur during the drying process in wood-based
boards and the processes applied to reduce the emission..

Keywords: Drying process, emission of wood based panels, volatile organic compounds (VOC), wood
based panels.

Ahsap Esash Levha Sektoriinde Kurutma Kaynakh Emisyonlar

*Sorumlu yazarin:

Ugur BILGIN

Karadeniz Teknik Universitesi Orman
Fakiiltesi Orman Endiistri Miithendisligi
Béliimii, Kanuni Kampusii Trabzon, Tiirkiye
DX: ugurbilgin@ktu.edu.tr

Cep telefonu : +90 (537) 705 13 23

Oz Ahsap esasli levhalarin basta mobilya olmak iizere bircok kullamm alaminda tercih
edilmesinin sebebi istenilen 6zelliklerde iiretilebilmesi ve ucuz olmasidir. Ayrica masif odunda
goriilen ti¢ boyutta farkli ¢alisma, direng degerlerinde farkliliklar, i¢ gerilmeler ve fiziksel
degisimler gibi odun kusurlarina nispeten ahsap esash levhalarda karsilasiimaz. Ahsap esash
levhalardan kaynaklanan wucucu organik bilesik (VOC) emisyonlari, levhalarin
hammaddelerinden ve tutkallama, depolama, presleme, kurutma gibi iiretim asamalarinda
olusmaktadir. Odun hammaddesinden kaynaklanan VOC larin biiyiik kismu kurutma islemi
sirasinda olusur. VOC lar azot oksitlerin ve giines 1s18min varliginda foto-oksidanlarin
olusumuna katkida bulunur. Foto-oksidanlar solunum yollarinda ve akcigerlerin hassas
kisimlarinda tahrise neden olduklari i¢in insanlar i¢in zararhidir. Ayrica fotosentezi bozar,
ormanlara ve Uriinlere zarar verir. Bu ¢aligmanin amaci ahsap esasli levhalarda kurutma isleminde

,Igfsfon :::g% ((1222)) 3722 %i gg olusan emisyonlari etkileyen faktorlerin ve emisyonu diisiirmek igin uygulanan islemlerin
degerlendirilmesidir.

Anahtar kelimeler: Ahsap esash paneller, ahsap esasli panellerden kaynaklanan emisyonlar, kurutma islemi.
ucucu organik bilesikler.

INTRODUCTION the increase in the demand for wooden products caused the

Due to the rapid population growth, urbanization,
economic, social and cultural developments in the world,
the decrease in the availability of wood raw materials and

importance of wood-based panels products to increase.
Wood-based panels such as plywood, medium density
fiberboard  (MDF), particleboard and  oriented
particleboard are among the most widely used materials all
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over the world. These materials are widely used in the
construction, decoration and furnishing of homes, offices,
schools as well as other non-industrial workplaces (Bilgin,
2019; Bohm et al., 2012).

Asia-Pacific region accounted for 61 percent of
global production in 2018 (248 million m?®), followed by
Europe (90 million m?, or 22 percent), Northern America
(48 million m?, or 12 percent), Latin America and the
Caribbean (19 million m3, or 4 percent) and Africa (3
million m? or 1 percent). The four top consumers (China,
Germany, Russia, USA) of wood-based panels are the
same as the four largest producers, suggesting that the
products are mostly consumed domestically. The trends in
consumption are similar to those in production. The fifth-
largest consumer is Poland (overtaking Turkey and Japan
in 2015), where consumption increased from 9 million m?
in 2014 to 12 million m? in 2018 (FAO, 2018).

Wood-based panel production amounts in the
world between 2014-2018 are given in Figure 1.

Turkey's fiberboard industry is the highest
production level in 2017. It is followed by particleboard,
plywood and OSB. Wood-based panels production
amounts in Turkey between the years 2010-2017 is given
in Table 1.
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Figure 1. Wood based panel production in the World (FAO,
2018).

Table 1. Turkey forest product production (100 m®) (Oguz et al.,

2019).
Product/Year

2011 2012 2013 2014 2015 2016 2017

Veneers 88 85 84 85 87 270 74
Plywood 115 116 116 150 116 120 105
Particle Board 3580 3875 4225 4425 4361 4202  4.286
0sB 40 75 75 75 75 80 75
MDF/HDF 3570 3.900 4.285 4.885 4777 5.069 4.747
Other Fiber Boards 15 15 15 15 15 15 59
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Wood-Water Relationship: Wood is a porous
material that contains air and water and wood cells. Wood
loses or gains moisture depending on the environmental
conditions to which it is exposed. Consequently, the weight
of a piece of wood is not constant. This relationship is
called moisture content and is expressed as the weight of
water in the cell walls and lumen as a percentage of the
weight of the oven dry (dry weight in the oven) (Walker,
2006; Rowell, 2005).

The cell wall consists of cellulosic polymers, non-
cellulosic carbohydrates (hemicellulose etc.) and a lignin
matrix that reinforces them. If water is adsorbed to
cellulose and hemicellulose in the cell wall, it is bound
water. The water in the lumen of the cells is free water. Free
water is only found when all areas in the cell wall are filled
with water; this point is called the fiber saturation point
(FSP). All water added to wood after FSP is reached is
called free water. The physical and mechanical properties
of the wood material are mostly related to the fiber
saturation point. For example, as the moisture rises below
the fiber saturation point, the strength from mechanical
properties decreases (Rowell, 2005). Free and bound water
are shown in Figure 2.

Bound water Free water

Cell wall

Cell lumen

Oven dry
0% m.c. 0

Figure 2. Water in wood (Web-1).

> Fibre saturation point
> 30% m.c.

30% m.c.

When drying from the green condition to the FSP
(approximately 25-30% moisture content), only free water
is lost and therefore the cell wall volume does not change.
However, when the wood is dried further, the water bound
from the cell walls is removed and the volume of the wood
begins to change (Rowell, 2005). One of the main
problems encountered is that wood shrinks as it loses
moisture and swells again as it regains moisture (Walker,
2006). In addition, the structure and arrangement of
cellulose in the cell wall, the parallel or vertical extension
of the cells to the tree axis and their symmetrical placement
within the tree trunk give the wood an anisotropic structure.
Since wood material is anisotropic, it shows shrinkage and
swelling at different rates in three main directions
(longitudinal, tangent, radial) (Nurgiin and Ergin, 1997).

Wood-Based Panels: The main products
produced in the wood based panel production sector are
plywood(PW), particleboard (PB), medium density
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fibreboard (MDF) and oriented particleboard (OSB).
Although some structural features such as usage areas and
strength values of particleboard, MDF and OSB products
differ from each other, they are generally produced in a
continuous process that includes the following basic
process steps (Figure 3) (Web-2). Plywood production
process is different from the others.

Raw Material

Supply and Storage of Debarkin, d Woaod Fiber Productis
Log and Other Wood >} Caponae A ety
Based Materials pme _
Drying
v ¥
Blending Fibers
Chip Drying with Resin
s 4
Fibers Drying
Pressing . =
Blending Chips » Hot Pressing
with Resin
Finishing
k. J
Cooling, Sizing
and Packaging
D General Process PB, OSB I:I MDF

Figure 3. General process for PB, OSB and MDF.

The drying process is very important from the
wood panel production stages. Because drying is the
process of removing the water (moisture) in the wood that
is generally not suitable for the usage areas. The degree of
dryness required in wood depending on where it will be
used is very important (Altmok et al., 2009).

Drying in particleboard production: First trials
on particleboard production, It was held in Europe and
North  America before World War 1I. The first
particleboard factory was established in Bremen, Germany
in 1941 during World War 1l and started commercial
particleboard production. Technological and scientific
studies on particleboard production have intensified after
the years of World War 1l and the raw material shortage
encountered by Germany was tried to be overcome in this
way (Zengin, 2009).

Particleboard according to EN 309 standard;
These are panels obtained by hot pressing of particle
obtained from wood pieces (wood pieces, particle,
sawdust, etc.) and / or lignocellulosic materials (from
lignified plants such as flax, hemp yarn, dehydrated sugar
cane pulp, etc.) (Ozen and Kalaycioglu, 2008).

The process of drying the particle affects the
curing time of the glue, the panel being loose or bursting.
Therefore, the particles should be dried to a moisture
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content of 1% - 4% in accordance with the humidity of the
panel exit from the press (Sahin, 2018).

Drying in fiberboard production: Although the
first appearance of the fiberboard industry can go back to
the early 1900s, large-scale commercial production only
emerged between the second world wars and in the United
States. The first fiberboard production factory was
established in Great Britain in 1898, followed by factories
established in New Jersey (United States of America) in
1908 and in Canada in 1909. The first equipped fiberboard
factory was established in Mississippi in 1926 (Zengin,
2009).

Fiberboard; It is a product obtained by drying or
pressing the panel draft created by using the natural
adhesion and felting properties of vegetable fibers and fiber
bundles or by using additional adhesive material. Briefly;
It is a type of panel obtained by reshaping the fiber and
fiber bundles formed by fibrillation of lignocellulosic
materials (Eroglu and Usta, 2000).

Before the drying process, the fibers are brought
to a consistency that can be pumped with pumps with the
addition of water and resin and directed to the dryer. The
moisture of the fibers entering the dryer is around 50%, and
this moisture should decrease to a value between 6-12%. If
sufficient drying is not provided, steam exits from the panel
by explosion (Eroglu and Usta, 2000). If the fibers are dried
for more than 7 seconds, there is a risk of fire (Onem,
2018).

Drying in OSB production: Particle board
making from oriented particles is based on the work of
Armin Elmendorf in the USA and Wilhelm Klauditz in
Germany in the late 1940s and early 1950s. Generally, two
OSB standards are used. OSB3 of these is produced for use
in exterior and moisture resistant places. OSB2, on the
other hand, is produced for use in interior and places
requiring less moisture resistance (Cakmak, 2018).

OSB; It is a panel-shaped material produced by
pressing the draft under temperature and pressure obtained
by mixing specially prepared particles with a suitable glue
and directing them in the desired direction during laying
(Akbulut et al., 2002).

The moisture content of the particles to be used
for OSB production should be around 2 - 5% after drying.
The particle moisture content affects the panel resistance
properties, panel pressing factor, glue consumption amount
and the physical properties of the panel (Dogan, 2015).

Drying in plywood production: Veneer and
plywood date back to the times of the pharaohs. It is stated
that the first wood veneer panel was produced in Egypt
3000 years ago. Plywood obtained from veneers was used
in king and prince furniture and coffins. The first machine
that will constitute the basis of today's rotary-cut veneer
machines in Europe was built in 1818 (Colakoglu, 2004).
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Plywood according to EN 313-2; It is defined as a wood-
based panel consisting of layers that are glued on each
other with the fiber direction generally perpendicular.
Layers defined as veneer are thin boards at most 7 mm
thick obtained by peeling, cutting or sawn from wood
(Colakoglu, 2004). Plywood production is shown in Figure
4,

Forest

Log yard

Log de-barker
A

Veneer peeling

A5 -

Logs cut into
peeler blocks

Veneer c|ipping

= Cold pressing

- -\ '\\_.~ S &GJ\

Glue spreading .

Veneer;i_r;/ing

7

h\_. \
Sanding Hot pressing

M

[

\.,\ o S ‘
Trimming

| Grading and packing

Figure 4. Plywood production (Bilgin, 2019).

Veneer drying is an important step in the
manufacture of wood-based panel products such as
plywood and laminated veneer lumber (LVL). If the wet
veneers from the peeling and cutting machines are not
dried immediately, undesirable color changes may occur
due to the effect of fungi and chemical reactions
(Colakoglu, 2004). The purpose of veneer drying is to
reduce the moisture content to a suitable range for bonding
plywood and other veneer-produced materials. The veneers
are dried to an average moisture content of 3% in the
manufacturing process because the moisture content of all
veneers must be below 7% before bonding. High drying
temperatures in the veneer production process are effective
on both physical and mechanical properties of plywood
(Aydin and Colakoglu, 2005).

VOLATILE ORGANIC COMPOUNDS (VOC)

In the recent past, both wood and wood products,
especially wood-based panels, have become environmental
problems. Volatile organic compounds (VOCs) released
from wood-based panels are harmful to humans when they
cause irritation to the respiratory tract and parts of the lungs
(Granstrom, 2005). In addition, wood and wood-based
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panels are one of the 10 most concentrated VVOCs in office
buildings, and these products cause poor air quality in
buildings (Yu et al., 2010).

VOCs can be classified into several types based
on their chemical structure (alkanes, aromatic
hydrocarbons, aldehydes, etc.), physical properties (boiling
point, vapor pressure), or potential health effects (irritant,
carcinogenic or neurotoxic), (Da Silva, 2017). The World
Health Organization (WHO) defines a VOC as any
compound with a boiling point between 50-100 ° C and
240-260 ° C and having a saturated vapor pressure of more
than 100 kPa at 25 °C ( WHO, 2010). VOCs can be found
in vapor, liquid or solid form at room temperature (Burn et
al., 1993). The World Health Organization has classified
organic pollutants according to their boiling points into
three types and summarized in Table 2.

Table 2. Classification of VOC (Da Silva, 2017).
Type
Very Volatile Organic Compound

Boiling point (°C)
<0to50- 100

50— 100 to 240 — 260
240 — 260 to 380 - 400

Volatile Organic Compound
Semi — Volatile Organic Compound

Oxidation of VOCs generally results in
formaldehyde formation (WHO, 2010). Ozone can easily
oxidize naturally occurring terpenes in the air, leading to
the formation of simple aldehydes such as formaldehyde
(Stefanowski, 2018). Some reports have mentioned that
formaldehyde emission arises from wood during hot
pressing of wood-based panels, but it is considered to have
an insignificant contribution to the formaldehyde emission
level (Bohm et al., 2012). In addition, Colakoglu et al.
(2002) investigated the effect of waiting times of veneers
before drying on formaldehyde emission. Immediately
after the production, it has performed the drying process by
waiting 1 week, 2 weeks and 1 month. No significant
difference was found between formaldehyde emissions.

There are numerous sources of both VOCs and
formaldehyde. Volatile organic compounds (VOCs) are
found in all natural and synthetic materials, from gasoline
to flowers, water to wine. The uses of these versatile
compounds are numerous (Burn et al., 1993). Natural
materials also emit different amounts of formaldehyde; It
is known to produce meat (2-20 mg kg 1), fruits and
vegetables (6.3-35 mg kg 1) wood (0.04 mg kg 1) and even
volcanoes (WHO, 2010). It is also a product of human
metabolism and can be detected in human breath at levels
ranging from 1.2 to 72 ppb (Stefanowski, 2018).

VOC from Wood: The cell wall of wood consists
of carbohydrate (cellulose and hemicellulose), lignin and
extractive substances. A significant portion of wood
extractives are volatile organic compounds (VOCs)
consisting of terpenes, terpenoids, flavonoids, alcohols,
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aldehydes and ketones. It also contains small to large
alkenes and fatty acids (Adamova et al., 2020).

Wood VOC emissions can be divided into
primary and secondary VOC emissions. Primary VOCs are
free, unbound volatile compounds, such as terpenes,
initially found in high concentrations in wood due to their
biological functions in trees. On the other hand, secondary
VOCs, including hexanal, pentanal, and acetic acid, are
composed of chemically or physically bonded compounds
released by chemical (egoxidation, hydrolysis) or physical
(eg mechanical corrosion) degradation of wood or wood
extractives (Pohleven et al. , 2019). Table 3 indicates the
most abundant VOCs emitted from different trees.

Table 3. A group of the most abundant VOCs emitted from
different tree species, containing VOC concentrations emitted

from sapwood / heartwood on day 31 (Adamova et al., 2020).
Extractive/Group of VOCs VOC

Terpenes a-pinene, B-pinene, Camphene, A3-carene, Limonene
Benzaldehyde, Decanal, Furfural, Hexanal, Nonanal,
Aldehydes

Octanal, Pentanal, Formaldehyde

Acids Acetic acid

VOC emissions can be significantly affected by
the raw materials and production techniques of the panels.
VOC emission may occur as a result of oxidation,
thermolysis or evaporation in plate production stages such
as storage, drying and pressing (Colak, 2002). Almost all
of the VOCs generated during the drying process are
caused by the wood itself. Most of the VOCs formed
during the pressing process are caused by the glue.

Drying Process: VOC emission in the drying of
the panels is caused by factors such as wood species,
drying type, dryer, temperature and time (Velic et al., 2019;
Colak, 2002).

Wood species: VOC emissions from hardwoods
are significantly lower than softwoods because they do not
contain and emit volatile terpenes. Hardwood VOCs are
mainly degradation products resulting from the thermal
breakdown of wood tissue, including lignin, cellulose,
hemicellulose and extractives (Banerjee et al., 1995).
Mono-, di-, and sesquiterpenes are the predominant VOCs
for softwoods; In hardwoods, triterpenes and sterols are
dominant (Adamova et al., 2020).

The main emission in softwoods comes from
terpenes. These terpenes are constantly spread from wood
and during the processing of wood (Colak, 2002; Pohleven
et al.,, 2019). The most important ones among these are
natural compounds such as a-pinene, b-pinene, camphene,
limonene, b-mirocene, a-terpinol and the compounds
formed as a result of the reaction of monoterpenes such as
phenicylalcohol, borneol, campphone, verbenone with
water or oxygen (Colak, 2002). Softwood releases large
amounts of VOCs, most of which are terpenes. However,
the same VOCs originating from hardwood can be released
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from the softwood as the wood texture can undergo thermal
degradation during drying of the softwood (Otwell et al.,
2000).

In general, hardwoods contain higher non-volatile
terpenes, except for some tropical species, including
monoterpenes and sesquiterpenes. In addition to acetic
acid, hardwoods emit a wide variety of carbonyl
compounds (aldehydes, carboxylic acids and ketones) and
alcohols, especially aldehyde hexanal and pentanal. Acetic
acid emission, hardwoods have more acetic acid emission
than softwoods, as hardwood hemicelluloses contain
higher amounts of acetyl groups. Hexanal is the dominant
emission (Pohleven et al., 2019).

Drying type: Drying under natural conditions or
artificially changes the profile of VOCs emitted from
wood. Because as the temperature of wood rises and dries,
VOC emission occurs in different ways (evaporation,
steam distillation and thermal decomposition) (Wilson and
Sakimoto, 2007). For example, acetic acid is formed during
the drying of wood by hydrolysis of the acetyl groups of
hemicelluloses, and furfural is formed from wood xylose
in a strong temperature-dependent reaction (Adamova et
al., 2020).

Dryer: Dryers are normally heated directly with
natural gas, but some dryers use sanding dust in a later
process step. When wood dries in dryers at high
temperatures, air emissions of particles and volatile organic
compounds (VOCs) are released. The VOC emission
during the drying process is also caused by the direct
burning of sanding dust and wood (Wilson, 2010). The
drying exhaust gas may contain substances formed by
thermal decomposition of one or more components of
wood (cellulose, ligrins, resins, and the like), various
aldehydes and acids such as formaldehyde, acetaldehyde,
acetic acid and acids. Some of these substances have a
relatively low boiling point and are also volatile in steam
(Schmidt, 1993).

Temperature and time: Sun et al. (2020)
investigated the effect of time on the TVOC and VOC
emissions of particleboards during the production stages.
The longer the exposure time of the particleboards under
all production conditions (density, thickness, resin
content), the TVOC emission decreased. The higher
density, thickness, and resin content of the particleboards
resulted in higher TVOC emission concentration at each
measurement time and showed a negative correlation on
the TVOC emission level. Increased esters, aldehydes and
ketones are most susceptible to change in production
conditions. However, terpenes exhibited a positive
increase in density and thickness, but a negative effect by
increasing the resin content. This result showed that the
terpene compounds in TVOC mostly originated from wood
particles.
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He et al. (2012) stated that the emission of
formaldehyde has been decreased consecutively due to
heat treatment in the drying and hot pressing phase. He also
stated that urea formaldehyde glue contains the lowest
VOC unlike formaldehyde. He stated that wood particles
have the highest VOC content. He reported that VOC and
formaldehyde release during the drying and hot pressing
stages showed a similar trend.

The release of volatile organic compounds
(VOCs) during convective drying of particles at high
temperature has been experimentally and theoretically
investigated. The drying medium was determined as
superheated steam with a pressure of two bars. Two
different temperature levels of the drying environment, 160
and 180 ° C, and two different materials, yellow pine and
spruce, were used. It is noted that the major released
components consist of various types of monoterpenes, with
a-pinene predominant in each of the two materials. The
amount released has shown that it depends on the drying
temperature and the time of the drying process (Johansson
and Rasmuson, 1998).

Ishikawa et al. (2009) dried 3 different veneer
types at 140-180 °C and observed that VOC and aldehyde
emissions increased with increasing temperature as a result
of HPLC, GS / MS analysis. He also stated that longer
drying time was realized for the species with high moisture
content and this increased the emissions.

Murata et al. (2013) aimed to reduce the
formaldehyde emission released from plywood without
using any chemicals. After the veneers with a humidity of
6% are dried up to 130 ° C, 3-layer plywood is produced
by heat treatment. Drying temperatures are determined as
130-150-170-190 © C. It has been shown that heating the
veneer layers in the temperature range of 150 to 170 ° C
effectively reduces the formaldehyde emission of the
plywood without reducing the mechanical properties of the
pavement. When the coating layers were heated in the
temperature range of 150 ° C to 170 ° C, the amount of
hydrated water (monomolecular layer) was slightly
reduced and the amount of dissolved water (polymolecular
layer) remained unchanged. It is assumed that the
formaldehyde emission of plywood is related to the state of
the adsorption zone of the wood..

HEALTH AND ENVIRONMENTAL EFFECT OF VOC

In certain conditions, inhabitants of poorly
ventilated buildings are more prone to suffer from “sick
building syndrome” (SBS), which is a phenomen on
characterized by various symptoms such as headache; eye,
nose, or throat irritations; drycough; allergy reactions; dry
and itching skin; non specific hypersensitivity; insomnia;
dizziness and nausea or difficulty in concentrating;
andtiredness. The intense odors may have a negative
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psychological influence as well (Adamova et al., 2020). In
addition, when VOCs such as monoterpene emit together
with NO2 and SO2, they contribute to acid accumulation
and soil acidification (Granstrom, 2005)

Different TVOC definitions used by different
countries make interlaboratory comparisons difficult. As
shown in Table 4, there are a number of limits given by
different regulations and specifications.

Table 4. Limit values after 28 days emissions testing in a ventilated test
chamber required by various regulations across Europe and proposed by
the WHO (Da Silva, 2017).

Organisation/Institute TVOC3 Formaldehsyde Product/Standard
(ng/m”) (ng/m”)
WHO - 100 -
- . - Construction products
Belgian regulation 100 or I 100 CEN/TS 16516
Constructions products
AgBB/DIBt (Germany) 1000 or 1* 100 CEN/TS16516 and 1ISO
16000
EC1PLUS <60or 1* 50°
EMICODE . a Flooring products
(Germany) ECl 1000rl 50 CEN/TS 16516
EC2 300 or 1* 50°
Class A* 1000 10
. Class A 1500 60 Construction products
France regulation ¢ .5 g 2000 120 1SO 16000
Class C > 2000 >120
Indoor air Standard 1000 or 1* 60
comfort-
Gold 750 or1* 10

Eurofins
* For each individual carcinogenic compound.
#Emissions after 3 days stored in a ventilated environmental chamber.

The Construction Product Regulation (EU
2011/305) since 1st July 2013 defines the essential
requirements for construction materials. This Regulation
replaces the directive 89/106/EEC. Among the seven
requirements number three, already present in the old
directive, is dedicated to: hygiene, health and environment.
Then the regulation prescribes that any construction work
shall not be harmful to the health of occupants, meaning
that no dangerous particles or gases shall be emitted in the
air. The purpose of this regulation is to harmonize the
technical and healthy description of products including
also indoor emissions thus facilitating their marketing in
the EU area. The goal is that the CE label applied on
building materials and products will contain performance
classes that cover all national regulations in Europe. Then
each EU member state can specify which performance
classes a product shall fulfil for being accepted on that
national market. For indoor emissions and other types of
releases, CEN has established a technical committee (TC
351) to undertake the work of developing the harmonised
standards. A specific working group (WG 2) is dealing
with indoor air. At the moment, WG2 has produced a test
method (CEN/TS 16516) for indoor emissions based on the
ISO 16000 series of standards concerning determination of
emissions of VOCs from building products (Bulian ve
Fragasa, 2016).

Considering instrumental methods used to
determine the VOCs, gas chromatography-mass
spectrometry (GC-MS) is commonly used to separate and
identify the volatiles. For formaldehyde determination,



Bilgin et al., 5(5), 833-840, (2020)

liquid or gas chromatography is used, often after
derivatization (Adamova et al., 2020).

CONCLUSION

Wood-based panels (plywood, fiberboard,
particle board and OSB) widely used in the world were
produced 400 million m® in 2018. These panels are widely
used in the construction, decoration and flooring of homes,
offices, schools as well as other non-industrial workplaces.
During the production of all the panels, there is a drying
process in which water is removed from the wood. VOCs
formed during the drying process cause low air quality and
therefore various disturbances. This review will make it
easier to understand the factors affecting VOCs from wood
during drying.

Different methods are used to prevent VOC
emission from wood-based panels, which causes additional
costs. More studies should be done on the temperature and
time affecting the VOC in the drying process and a
mathematical model should be created.
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