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ABSTRACT • Many materials used in wood industry are considered to have carcinogenic or mutagenic effects, 
which is a health risk for workers in production. Carcinogenic chemical compounds, apart from causing cancer, 
also pose a great risk for human health in other terms like respiratory issues, skin irritation, allergic reactions, 
congenital abnormalities in women, visual impairments, immune system and neurological disorders, hormonal 
imbalances, etc. Carcinogenic pollution in the wood industry is associated with activities related to the emission 
of wood dust, production of panel materials, drying and steaming of wood, sharpening tools, the activities of 
handling glues, paints, varnishes, coatings, wood preservatives, exposure to fossil and biofuel exhaust gases, and 
many others. The purpose of this paper was to present the carcinogenic substances to which workers in the wood 
industry are professionally exposed, to present previous research and currently valid regulations and protection 
measures in the EU. By reviewing the sources, it can be concluded that, although legislation often requires clearly 
defined etiological factors, scientists agree that the understanding of the relationship between occupational ex-
posures and cancer is not yet complete and that occupational carcinogenic factors are considered occupational 
exposures if a significant number of workers were exposed to significant levels.
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SAŽETAK • Smatra se da mnogi materijali koji se upotrebljavaju u drvnoj industriji imaju kancerogene ili muta-
gene učinke koji su zdravstveni rizik za radnike u proizvodnji. Osim što uzrokuju rak, kancerogeni kemijski spojevi 
ujedno su veliki rizik za ljudsko zdravlje u smislu drugih tegoba kao što su respiratorni problemi, iritacija kože, 
alergijske reakcije, kongenitalne abnormalnosti u žena, oštećenje vida, bolesti imunološkog sustava i neurološki 
poremećaji, hormonska neravnoteža itd. Kancerogeno onečišćenje u drvnoj industriji povezano je s procesima 
vezanima za mehaničku obradu drva i emisiju drvne prašine, proizvodnju pločastih materijala, sušenje i parenje 
drva, oštrenje alata, rukovanje ljepilima, premazima i sredstvima za zaštitu drva, izloženošću ispušnim plinovi-
ma od fosilnih goriva i biogoriva te s mnogim drugim procesima. Cilj ovog rada bio je prezentirati kancerogene 
tvari kojima su profesionalno izloženi radnici u drvnoj industriji, prikazati rezultate dosadašnjih istraživanja te 
dati uvid u trenutačno važeće propise i mjere zaštite u Europskoj uniji. Iako zakonodavstvo često zahtijeva jasno 
definirane etiološke čimbenike, pregledom literaturnih izvora može se zaključiti da se znanstvenici slažu kako 
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odnos između profesionalne izloženosti i karcinoma još nije potpuno razjašnjen te da se izloženost profesionalnim 
kancerogenim čimbenicima smatra profesionalnom izloženošću kada je znatan broj radnika bio izložen povišenim 
razinama onečišćenja.

KLJUČNE RIJEČI: zdravlje na radu; kancerogene tvari; drvna prašina; formaldehid; nanočestice

1  INTRODUCTION
1.  UVOD

The activity of wood processing emits numerous 
pollutants into the working environment, including 
those classified as mutagens and carcinogens, posing a 
serious risk to the worker’s health. According to the 
Proposal for a Directive of the European Parliament 
and of the Council amending Directive 2004/37/EC on 
the protection of workers from the risks related to ex-
posure to carcinogens or mutagens at work, at the end 
of 2016 the European Commission launched a pro-
posal to reduce the limit values for 13 carcinogenic 
substances, considering the fact that annually 53 % of 
work-related deaths are attributed to cancer. In 1981 
the International Agency for Research on Cancer 
(IARC) listed occupational risks associated with the 
wood industry, including nasal cancer, nasopharynge-
al cancer, laryngeal cancer, lung cancer, stomach can-
cer, hematopoietic and lymphoreticular cancer (IARC, 
1981). In addition to emitted wood dust, some chemi-
cal compounds related to wood products and wood 
processing also pose a carcinogenic risk to human 

health. Formaldehyde is released during the drying 
and steaming of wood and production of wood-based 
panels (chipboards, medium-density fiberboard and 
plywood, etc.). Also, carcinogenic formaldehyde is 
slowly being released in the occupational area during 
the lifetime of wood-based panels (for example parti-
cleboards and MDF) formaldehyde (IARC, 1995; 
IARC, 2012a; Beane Freeman et al., 2009). Combus-
tion of fossil fuels to drive vehicles and devices, ob-
tain energy or drive a chainsaw, releases toxic gases 
not only into the surrounding air but also into the 
working environment. There is also metal dust from 
wear and sharpening of hard metal tool blades that 
contain carcinogenic substances such as tungsten car-
bides and cobalt (Wild et al., 2009; IARC, 2022). Nu-
merous nanomaterials are used to improve the proper-
ties of wood and wood surfaces, the most common 
being nanoTiO2, nanoSiO2 and nanoAg (IARC 2010; 
Aschberger et al., 2011). Carcinogenic heavy metal 
compounds (lead, cadmium, chromium, nickel) are 
not completely banned but restricted in wood preserv-
atives, paints, coatings or varnishes, and can be used 
in products under certain conditions (restorations, 

Table 1 Sources of carcinogenic and/or mutagenic substances in wood industry
Tablica 1. Izvori kancerogenih i/ili mutagenih tvari u drvnoj industriji

Source / Izvor Carcinogenic substances / Kancerogene tvari
Mechanical wood processing / strojna obrada drva Wood dust / drvna prašina
Wood-based panels, wood drying and streaming
ploče od drvnog materijala, sušenje i parenje drva

Formaldehyde / formaldehid

Fossil fuel exhaust gases, biofuel combustion
ispušni plinovi od fosilnih goriva

Benzene / benzen
Benzo[a]pyrene / benzo[a]piren 
Xylene / ksilen; Toluene / toluen

Biofuel combustion
izgaranje biogoriva

Dioxins and furans / dioksini i furani
Benzo[a]pyrene / benzo[a]piren

Tool sharpening
oštrenje alata

Tungsten carbides and cobalt dust 
prašina volframovih karbida i kobalta

Wood preservatives, paints and varnishes
sredstava za zaštitu drva, boje i lakovi

Heavy metals (Lead, Cadmium, Chromium, Nickel)
teški metali (olovo, kadmij, krom, nikal)

Paints and varnishes
boje i lakovi

Hexamethylene diisocyanate / heksametilen diizocijanat 
Polychlorinated Biphenyls (PCBs) / poliklorirani bifenili (PCB)
Xylene / ksilen; Toluene / toluen
Nanoparticles / nanočestice

Resins 
smole

Acrylonitrile / akrilonitril
Epoxy resins hardeners – epichlorohydrin
učvršćivači epoksidnih smola – epiklorohidrin

Fungicides and insecticides
fungicidi i insekticidi 

CCA salts (copper, chromium and arsenic oxides)
CCA soli (bakar, krom i arsenovi oksidi)
Arsenic and arsenical compounds / arsen i njegovi spojevi
Creosote oil / kreozotno ulje 
Coal-tar oil / ugljenokatransko ulje
Pentachlorophenol / pentaklorofenol
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works of art). Among epoxy resin hardeners, epichlo-
rohydrin is classified as a carcinogen, while there is 
insufficient evidence for diaminodiphenyl sulfone and 
glycidyl ethers. Acrylic resins (acrylonitrile) probably 
carcinogenic in humans, as well as Polychlorinated 
Biphenyls (PCBs), Toluene and Xylene, are used in 
paints and varnishes (IARC, 1981; EU-OSHA, 2014, 
Regulations NN148/2023). Carcinogenic fungicides 
and insecticides, CCA salts (copper, chromium and ar-
senic oxides), arsenic and arsenical compounds, creo-
sote oil and coal-tar oil and pentachlorophenol have 
limited use in industrial plant and professional use. 
Asbestos tremolite was banned for production and 
market in 2006. It was previously used in paper pro-
duction, in talc production as coating pigment, in fur-
niture production as filler in melamine-formaldehyde 
glues and in carpentry as insulator, flame retardant. 
Mineral oil, which is used as a solvent for chlorophe-
nols in sawmills, is also carcinogenic in humans 
(IARC, 1981; EU-OSHA, 2014, Regulatins 
NN148/2023). Table 1 shows the most common carci-
nogenic substances, from the above sources, whose 
carcinogenic and/or mutagenic influence on human 
health has been investigated and scientifically proven, 
as well as their sources in the wood industry.

The aim of the work is to present the previous 
research on the most significant carcinogenic substanc-
es that are produced in the wood industry and their 
characteristics related to certain health risks as well as 
norms and regulations providing protective measures.

2  RISKS OF OCCUPATIONAL 
EXPOSURE TO WOOD DUST

2.  RIZICI OD PROFESIONALNE 
IZOŽENOSTI DRVNOJ PRAŠINI

In 1995, the IARC stated that wood dust, espe-
cially dust from hard wood species, generally causes 
significant health problems. Separated wood particles 
are classified as carcinogenic substances and can 
cause many types of cancer especially those related to 
the respiratory system, sinonasal adenocarcinomas 
(Siew et al., 2017; Soćko, 2021), nasopharyngeal 
cancer (Beigzadeh et al., 2019; Meng et al., 2020) 
and lung cancer (Scarabelli et al., 2021; Matrat et al., 
2019). European Directive 2017/2398 on the protec-
tion of workers from the risks related to exposure to 
carcinogens or mutagens at work prescribes an Oc-
cupational Exposure Limit (OEL) of 2 mg/m3 for 
8-hours exposure to inhalable hardwood dusts. Euro-
pean wood processing facilities use beech wood and 
oak wood as their raw material in large quantities and 
according to Hausen (1981), respiratory cancers are 
prevailing among workers who deal with these wood 
species. In the wood processing industry, separation 

of wood particles is inevitable during mechanical pro-
cessing. According to Kauppinen et al. (2006) about 
3.6 million workers in the EU are exposed to inhala-
ble wood dust, about 16 % of workers are exposed to 
mass concentrations of inhalable wood particles of up 
to 5 mg/m3 and 25 % of workers to mass concentra-
tions of up to 2 mg/m3. According to the Health Coun-
cil of the Netherlands (2000), 1 of 250 workers would 
be a victim of nasal cancer while being exposed to a 
wood dust concentration of 5.8 mg/m3 during their 
working life of 40 years. Scheeper et al. (1995) also 
explain higher wood dust exposure caused by a poor 
solution or lack of an exhaust ventilation system con-
nected to the machines. Similarly, Čavlović et al. 
(2022) noticed that the wood dust exposure was lower 
than the level of increased risk (2 mg/m3) at work-
place near the CNC machine connected to a quality 
central suction machine. While researching the effect 
of wood moisture content and average chip thickness 
during routing operation on rubberwood, Ratnas-
ingam et al. (2009) concluded that higher wood mois-
ture content and lower average chip thickness, which 
can be achieved by manipulating the rotational speed 
of the cutting tool, results in a significant reduction of 
airborne wood dust emission. Studying different ma-
terials like medium density fibreboard (MDF) and 
plywood, Welling et al. (2009) concluded that sand-
ing MDF produces much higher dust emissions than 
sanding pine and birch plywood. Wood sanding pro-
duces the smallest wood dust particles that remain 
airborne for longer periods of time and pose greater 
health risks (Beljo-Lučić et al., 2011). According to 
Thorpe and Brown (1995), mean aerodynamic diam-
eter of a wood dust particle is inversely proportional 
to the mentioned density and hardness of wood. They 
concluded that overall wood dust produced by the 
coarsest sandpaper was negligibly higher than that of 
a finer grade sandpaper. 

There are two hypotheses that explain why wood 
dust could cause sinonasal adenocarcinoma. The first 
possible explanation for the cause of the sinonasal can-
cer are inhalable potentially carcinogenic substances 
like tannins, aldehydes and other chemicals that are be-
ing used in the wood industry. The second explanation 
might be the inhalation of wood dust particles that are 
smaller than 5 µm and intervene with normal mucosa 
function, which leads to a higher risk of cancer (El-
wood, 1981). Nylander et al. (1993) concluded in their 
paper that workers in the furniture industry have the 
highest risk of developing nasal cancer induced by 
wood dust among all other workers in the wood pro-
cessing industry. Furthermore, wood dust could be the 
cause of other tumors in the lungs, stomach and the 
above-mentioned types of cancer because wood dust 
can easily come into contact with these organs.
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benzo[a]piren  at work in the wood processing and for-
estry sectors is associated with fossil combustion 
sources, i.e. biofuels. Chainsaw workers are exposed to 
risks not only in a forest, but also in the industrial fa-
cilities, in closed environments, when cutting down 
logs to preferred lengths. Apart from chainsaw use, 
transporting devices, like forklifts, loaders or trucks 
with grapple loaders, running on internal combustion 
engines and fossil fuels are also often used in the wood 
industry. In wood processing companies and power 
plants, the consumption of wood fuel (solid biomass) 
for energy production is increasing, and thus the emis-
sion of pollutants from industrial furnaces from the 
combustion of wood fuel, among which is benzo[a]
piren. Moreover, due to the incomplete combustion of 
fuel, there is the formation of floating particles smaller 
than 2.5 µm (PM 2.5) that adsorb toxic chemical com-
pounds such as PAH shorter aromatic chains (Simo-
neit, 2002). Also, residential use of coal and wood as a 
source of thermal energy increases the emission of 
benzo[a]piren (Guerreiro et al., 2014). 

Polycyclic aromatic hydrocarbons (PAHs) are or-
ganic compounds made of multiple aromatic rings 
known to be the cause of mutations in DNA. Santesson 
(1897) noticed benzene toxicity to blood forming or-
gans. Infante et al. (1977) described five times in-
creased risk of leukaemia caused by occupational ben-
zene exposure. In 2012, IARC stated that there was 
sufficient evidence for benzene to cause acute myeloid 
leukaemia and limited evidence for acute lymphocytic 
leukaemia, chronic lymphocytic leukaemia, etc. Apart 
from leukaemia which is the most common type of 
cancer caused by benzene, lung cancer, kidney cancer, 
nasal cavity and oesophagus cancer and other less 
common types of cancer were reported. European Di-
rective 2022/431 on the protection of workers from the 
risks related to exposure to carcinogens or mutagens at 
work prescribes an OEL of 0.66 mg/m3 for 8-hours ex-
posure to benzene (OEL of 1.65 mg/m3 is valid from 5 
April 2024 until 5 April 2026). Benzo[a]piren  is lipo-
philic, which makes it able to penetrate the cell mem-
brane without any difficulty (Petrulis and Perdew, 
2002). The chemical process in a cell and its nucleus is 
carried out causing DNA to mutate and eventually start 
a cancer (Kucab et al., 2015). Damage to the human 
DNA can lead to specific mutations that lead to cancer 
(Cooper, 2000). An example of prolonged exposure to 
benzo[a]piren and its bad influences on the human 
body is the mutation of the TP53 tumor suppressor 
genes (Krais et al., 2016).

3.3  Dioxins and furans
3.3.  Dioksini i furani

Dioxins are a group of chemical compounds out 
of which 17 isomers are considered to be toxic and mu-

3  RISKS OF EXPOSURE TO OTHER 
CANCIROGENS

3.  RIZICI OD IZLOŽENOSTI OSTALIM 
KANCEROGENIM TVARIMA

3.1  Formaldehyde
3.1.  Formaldehid

In 1995, IARC classified formaldehyde as a 
Group 1 carcinogen for humans. Apart from exposure 
through inhalation, formaldehyde can be absorbed 
through the skin or ingested (Protano et al., 2022). For-
maldehyde is a chemical compound that is naturally 
found in wood composition. Cellulose, hemicelluloses 
and lignin are the main components of wood and ac-
cording to Schäfer and Roffael (2000) formaldehyde 
can be formed out of the mentioned components, just 
as from wood extractives. The amount of formalde-
hyde is very small but still occurs and is traceable in 
solid wood. The emission of formaldehyde from solid 
wood is dependent on its pH value and temperature. 
With increased temperature and heating wood for a 
longer period, the amount of formaldehyde emission is 
increased. This process is usually conducted when 
wood is being dried, where apart from formaldehyde 
other volatile organic compounds are released (Cronn 
et al., 1983). European Directive 2019/983 on the pro-
tection of workers from the risks related to exposure to 
carcinogens or mutagens at work prescribes an OEL of 
0.37 mg/m3 for 8-hours exposure to formaldehyde. In 
the wood industry, synthetic resins are mostly used in 
the production of wood-based panels. It is important to 
mention that 95 % of all wood adhesives used in wood-
based panel production are based on formaldehyde. 
Adhesives that are being used in industry today are 
phenol-formaldehyde (PF), melamine-formaldehyde 
(MF), melamine-urea-formaldehyde (MUF) and lastly 
urea-formaldehyde (UF), which is the most used syn-
thetic resin (Pizzi et al., 2020). Particleboard, medium-
density fiberboard and plywood are widely used in fur-
niture production, flooring industry, i.e., multi-layered 
parquetry, construction industry, etc. Airborne formal-
dehyde is released in living spaces and the level of ex-
posure to formaldehyde depends on various factors 
like temperature, humidity and ventilation rate (Liu et 
al., 2015). In 2012, IARC stated that there was enough 
epidemiological and toxicological evidence that for-
maldehyde could be a cause of nasopharynx tumors 
and limited evidence for nasal sinus tumors. Newer re-
ports indicate possible leukaemia induction by formal-
dehyde (Beane Freeman et al., 2009).

3.2  Benzene and benzo[a]pyrene
3.2.  Benzen i benzo[a]piren

Among the many polycyclic aromatic hydrocar-
bons (PAHs), benzene and benzo[a]piren  stand out as 
carcinogens and mutagens. Exposure to benzene and 
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3.5  Nanoparticles
3.5.  Nanočestice

Natural wood is an effective structural material, 
but it is not durable and stable. To ensure its stability 
and durability, wood is treated with coatings and chem-
ical treatments (Unger et al., 2001). Nanoparticles are 
used as treatments to improve wood properties. De 
Filpo et al. (2013) described the prevention of fungal 
growth by submerging wood samples in a solution of 
titanium dioxide (TiO2). NanoTiO2 helped to prevent 
the decay through its photo-catalytic activity. Using 
nano zinc oxide (ZnO) treatments, Clausen et al. 
(2010) managed to contribute to a significant decrease 
in wood greying. ZnO is a strong ultraviolet absorbent, 
meaning that it reduces the UV radiation effect and 
lignin decay, which gives wood its natural colour. 
Chemical reagents like nano copper oxide (nanoCuO), 
which was confirmed to be effective against fungi by 
Aguayo et al. (2021), are also commonly used. Nano 
silica dioxide (nanoSiO2) is used to improve the prop-
erties of paints used in wood surface treatments. Paints 
with the addition of SiO2 showed improved water re-
pellence, scratch resistance, antimicrobial properties 
and durability (Kaiser, 2013). Nano silver is commonly 
used in furniture production because of its antimicro-
bial properties (van Broekhuizen, 2012). According to 
van Broekhuizen (2012), nanomaterials do not have a 
common effect on health, moreover every nanomate-
rial has its own unique influence on human health. Van 
Broekhuizens summary suggests that nanoTiO2 is the 
most common nanomaterial used in furniture produc-
tion. According to IARC (2010), nanoTiO2 is possibly 
carcinogenic to humans and could pose a slightly in-
creased risk of lung cancer. NanoSiO2 and nanoAg are 
the second most used nanomaterials in furniture pro-
duction, but lack of evidence and research leads to a 
bad understanding of their health effects. Inflammation 
is the most frequently studied health effect of nanoma-
terials, which leads to cell death or scar-tissue forming 
dominantly in lungs that could result in a cancer (Asch-
berger et al., 2011).

4  CONCLUSIONS
4.  ZAKLJUČAK

Researching the literature, it can be observed that 
there is a lack of studies that explain why wood dust is 
considered directly carcinogenic. Further studies 
should emphasize their investigation of the effects of 
the chemical composition of wood dust on human 
health, and the correlation of the effect with the size of 
the wood dust particles. Scientific knowledge is ap-
plied in the development of the best available tech-
niques for reducing the emission of carcinogenic sub-
stances in the working environment of the wood 

tagenic. Dixons belong to a group of 75 polychlorinat-
ed dibenzo-p-dioxins and 135 polychlorinated diben-
zofurans. Combustion of wood and wood processing 
generates emission of dioxins, which represents a great 
danger to human health because dioxin can accumulate 
in fat tissues (Lavric et al., 2004). Schatowitz et al. 
(1994) concluded that dioxin annual emissions during 
the combustion of natural wood were not significantly 
increased, while the combustion of waste wood, such 
as wood chips coming from the demolition of build-
ings, greatly increased dioxin emissions. A wide range 
of different inorganic compounds are used for wood 
treatment like salts that improve fire-resistant proper-
ties (Richards and Zheng, 1991). Chromated copper 
arsenate, copper boron azole, etc. improve wood resist-
ance to microbial and fungal degradation (Humprey, 
2002). The addition of inorganic compounds affects 
the emissions of polychlorinated dibenzo-p-dioxins 
and polychlorinated dibenzofurans. According to the 
research conducted in 2007 by Tame et al., combustion 
of wood with improved properties by preservatives 
produces higher levels of polychlorinated dibenzo-p-
dioxins and polychlorinated dibenzofurans, and hence 
they strongly advise not to use impregnated wood as a 
source of thermal energy in households. It is possible 
to reduce the production of dioxins in wood combus-
tion by adding sulphur or nitrogen-containing agents. 
Furthermore, it is important to prevent particles of 
burned biomass from reaching the atmosphere using 
filters and particle removers. Before filtering the parti-
cles, good conditions for effective combustion contrib-
ute to lower dioxin emissions (Lavric et al., 2004).

3.4  Hard metal dust
3.4. Prašina tvrdih metala

Hard metals are widely used in wood industry; 
they represent a material that is bound together with 
cobalt or nickel (Santhanam, 1992). Apart from hard 
metals, metallic carbides are also commonly used. 
Tungsten carbide is the most widespread metallic car-
bide in wood industry. Such hard metals and metallic 
carbides are used for the production of wood cutting 
tools. Common exposure to metal dust in wood indus-
try occurs while doing the maintenance and resharpen-
ing of hard-metal tools. The IARC (2006) states that 
the levels of exposure to metal dust are much lower 
during their use than during their manufacture. How-
ever, grinding of the tools and blades while sharpening 
and doing maintenance release cobalt in the air at a 
concentration of several hundred micrograms per cubic 
meter (Mosconi et al., 1994). Metal dust, especially co-
balt metal, is classified as “probably carcinogenic to 
humans” following the testing on animals (IARC, 
2022). Furthermore, the study of tungsten conducted 
by Wild et al. (2009) in hard-metal factories shows in-
creased risk of lung cancer among workers.
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industry and its general environment. Apart from wood 
dust being a carcinogen, wood industry workers are 
faced with chemical compounds that represent a great 
health concern as well. Protection should be provided 
to workers and citizens who might be affected by the 
harmful carcinogenic sources generated by wood in-
dustry activities. European legislative bodies are trying 
to prevent workers from getting cancer at work through 
legislative action, not just guidelines, by finalizing the 
Carcinogens and Mutagens Directive (CMD). In order 
to ensure a safer working and ambient environment 
around industrial plants and residential areas, regula-
tions and safety protocols need to be applied to reduce 
the source of air pollution, especially carcinogens and 
mutagens.
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