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INTRODUCTION: GENERAL CONCEPTS 

Physical, chemical and biological risks still account for a substantial proportion of work-related 

diseases in Europe. Frequently, these risks are associated with chronic illnesses such as 

musculoskeletal disorders, allergies, respiratory diseases and cancer. Causal multifactorial pathways 

characterize these work-related diseases but the information are actually inadequate. (Montano, 

2014). Dusts represent one of the most common exposure and occupational hazards factors. The 

main sources of harmful dusts involved in work-related diseases are technological processes. The 

toxic properties of the dust emitted in the working environment are strongly connected with the 

properties of the toxic substances from which it is generated. 

Wood dust represents one of the most important organic dusts to which humans are exposed. 

Wood is used and processed primarily for its traditional use of fuel and construction material (Baran, 

2009). 

 

1.OCCUPATIONAL EXPOSURE 

1.1 Wood dust: 

Wood is one of the world's most important renewable resources and grows in forests over the 

world. These last cover about one-third of the globe's total land area (IARC, 1995). 

The Earth has an estimated 12.000 species of tree, each producing a characteristic type of wood. 

Spermatophytes are subdivided into two classes based on seed type: gymnosperms, which have 

exposed seeds, and angiosperms, with encapsulated seeds. The terms 'hardwood' and 'softwood' 

refer to the species of tree and not necessarily to the hardness of the wood. While hardwoods are 

generally denser than softwoods, the density varies considerably within each family and the 

hardness of the two groups overlaps somewhat. Gymnosperms collect all trees that yield softwood 

lumber (Table 1) (IARC,1995). 
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Genus and species Common name 

Softwood 

Abies Fir 

Larix Larch 

Picea Spruce 

Pinus Pine 

Pseudotsuga menziesii Douglas fir 

Sequoia sempervirens Redwood 

Hardwood 

Acer Maple 

Alnus Alder 

Betula Birch 

Carya Hickory 

Carpinus Hornbeam, white beech 

Castanea Chestnut 

Fagus Beech 

Populus Poplar 

Quercus Oak tree 

Junglas Walnut tree 

Table 5: Nomenclature of some hardwood and softwood (IARC,1995). 

 

 

The essential chemical constituents of wood are cellulose (40-50%), polyoses (hemicelluloses) and 

lignin, which has a macromolecular structure. Although cellulose is the uniform structural element 

of all woods, the proportions and chemical composition of lignin and polyoses differ between 

softwood and hardwood. Wood generally also contains small amounts of polymeric compounds, 

such as starch, pectic substances and proteins. A heterogeneous mixture of organic and inorganic 

compounds is detectable in different amounts in different species. The organic matter called 

“extractives” can be extracted with nonpolar or polar solvents; instead, the inorganic part is reduced 

mainly to ash in the analysis of wood. Some of these compounds are protective, against injury or 

fungi attack, and toxic. 

Organic extracts can have aliphatic, alicyclic or aromatic structures. Non-polar extractives comprise 

mainly terpenes, fatty acids, resin acids, waxes, alcohols, sterols, steryl esters and glycerides. The 
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polar extracts of wood generally restrain aromatic (phenolic) compounds, i.e. tannins, flavonoids, 

quinones and lignans. The common water-soluble extracts of wood are carbohydrates and their 

derivatives, alkaloids, proteins and inorganic material. Hardwoods show a higher amount of polar 

extractives than softwood. Extracts influence wood characteristics as specific weight, 

hygroscopicity, flammability, permeability, color and odor. “Wood dust” is the name given to the 

inhalable fraction of dust produced from solid wood, including bark during work activity. In this 

definition both freshly cut and dried wood dusts are included, but not pulp (cellulose) and paper 

dusts. Wood dust is frequently described using wood species or as hardwood or as softwood. Wood 

dust is a complex substance; its composition varies considerably according to the species of tree 

being processed and reflects the tree chemical compounds, as cellulose, lignin and low-relative-

molecular-mass components (IARC, 1995). These last, in particular terpenes and tannins, are useful 

to distinguish between different species of wood (Table 2). 

 

Woody Essence Chemical Classes Chemical Biomarkers 

Conifers Monoterpenes α-pinene 

Exotic wood Sesquiterpenes  

Decidous trees (chestnut 

and oak) 

Tannins Ellagic acid 

Tannins Gallic acid 

Tannins Total tannins 

Cedar Poliphenols Plicatic acid 

Table 6: Low-relative-molecular-mass components (translate from ISPEL 2008) 

 

 

Tannins are complex polyphenols present as chemical defenses in most plant species. Wood species 

differ in their tannin amount, both qualitatively and quantitatively; in particular, hardwoods contain 

greater amounts of tannins. Tannins can be separated into hydrolysable and condensed types. The 

hydrolysable are esters of gallic acid (GA) with its dimer (digallic acid), and of ellagic acid with 

monosaccharides, mainly glucose. Tannins can precipitate proteins and influence cell metabolism. 

However, although numerous authors are trying to deepen this topic, the cancerogenic mechanism 

underlying the risk due to exposure to wood dust is not clear (Carrieri, 2016). The amount of GA, a 

hydrolysable tannin, may be a useful tool to distinguish hardwood from softwood. In this regard, a 
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higher concentration of GA was found in oak trees than the other species. Its presence could be 

associated with the carcinogenic activity of the dust. GA is toxic to animals, due to its reactions with 

macromolecules, such as DNA or proteoglycans (Mamela, 2001). 

In addition to composition, wood dusts differ from each other both in their quantity and in their 

granulometry, according to the operations performed on the raw material. Namely, shattering wood 

cells during sanding operations produces finer particle size than the ones (e.g.) produced by chipping 

in sawing and milling industries. In general, harder is the wood more tightly bound are the cells and 

the finer the dust will be. Similarly, the cells in dry wood are less plastic and more likely to be 

shattered, leading to more dust formation (Wilbourn, 1995). There is evidence that workplace 

exposure to wood dust may cause adverse health acute effects such as dermatitis, allergic and non-

allergic respiratory effects, and chronic effects as cancer (Bislimovska, 2009; Scarselli, 2007). The 

International Agency for Research on Cancer (IARC) found sufficient evidence of carcinogenicity of 

wood dust in humans and consequently, wood dust has been classified as a human carcinogen 

(Group 1; IARC, 1995). Adenocarcinoma of the nasal cavities and paranasal sinuses is associated 

with exposure to hardwood dust. The concentration of wood dust and the modalities of exposure 

may represent important elements in the etiopathogenesis of that disease. Currently, exposure to 

wood dust has an impact on occupational health, and the occupational prevalence ranges from 10% 

to 15% (Alonso-Sardón et al., 2015; INAIL, 2016; INAIL, 2012). Odds ratio (OR) for sinonasal tumors 

caused by moderate levels of dust (≤ 1.0 mg/m3) is around 3, and concentration ≥5 mg/m3 cause 

more dramatic effects (OR ≥ 45) (Wultsch et al., 2015). Directive 2004/37/EC – “Carcinogens or 

mutagens at work”- aim to protect the workers against health and safety risks including wood dusts 

exposure. In Table 3 are shown limits for wood dust exposure. 

 

Agency Concentration (mg/m3) Type of limit 

SCOEL 1-1.5 mg/m3 OEL for inhalable fraction 

Italy (D.Lgs. 81/08) 5 mg/m3 OEL 

NIOSH 1 mg/m3 REL 

ACGIH 0.5 mg/m3 TLV-TWA red cedar 

ACGIH 1 mg/m3 TLV-TWA other essences without red cedar 

Table 7: Regulations and Guidelines Applicable to Wood Dust. (SCOEL: Scientific Committee on 
Occupational Exposure Limits; OEL: Occupation Exposure Level; NIOSH: National Institute for 
Occupational Safety and Health; REL: Recommended Exposure Limit; TLV: threshold limit value; 
TWA: time-weighted average). 
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Dusts from wooden boards and chemically treated wood are included in the group of “wood dusts”, 

although these dusts may contain also other chemicals, such as surface coatings (solvents, resins, 

pigments), glues (formaldehyde and phenols) and engine exhausts (Peteffi, 2015). 

 

1.2 Formaldehyde: 

Formaldehyde (FA) (CASRN: 50-00-0) is an important chemical, produced worldwide on a large scale 

by catalytic, vapor-phase oxidation of methanol. It is also a byproduct of certain natural (e.g., forest 

fires) and anthropogenic activities (e.g., smoking tobacco and residential wood burning) (IARC, 

2012). 

FA is one of the component of various types of resin. Phenolic, urea, and melamine resins have wide 

uses as adhesives and binders in the wood-production, pulp-and-paper and in the production of 

plastics and coatings. FA is used directly in aqueous solution (known as formalin) as a disinfectant 

and preservative in many applications. Because of the widespread use of formaldehyde-containing 

products, it is generally found in higher concentration into indoor environmental than outdoors. 

The highest continuous exposures (2–5 ppm; 2.5–6.1 mg/m3) were measured in the past during 

varnishing of furniture and wooden floors. Short-term exposures to high levels (3 ppm and higher; 

≥ 3.7 mg/m3) have been reported for embalmers, pathologists, and paper workers. Very wide range 

of exposure levels has been observed in the production of resins and plastic products. In the last 

two decades, the development of resins with lower amount of FA and the implementation of the 

ventilation resulted in lower exposure levels in many industrial settings (IARC,2006). 

In 2006, the IARC reclassified FA from Group 2A (probably carcinogenic to humans) to Group 1 

(carcinogenic to humans) (IARC,2006) (Table 4). 
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Agency Concentration (mg/ m3) Type of limit 

ACGIH (0,37 mg/ m3) TLV-STEL 

NIOSH  (0,02 mg/ m3) TLV-TWA 

(0,12 mg/ m3) TLV-Ceiling 

OSHA (0,93 mg/ m3) TLV-TWA 

(2,48 mg/ m3) TLV-STEL 

EPA (0,9 mg/ m3) TLV 

WHO (1 mg/ m3) IAQC: 30 min at lifelong 

exposure 

Table 8: Regulations and Guidelines Applicable to Formaldehyde (Kim, 2011). (TLV: threshold limit 
value; TWA: time-weighted average; STEL: short-term exposure limit; Ceiling: the value that should 
never be exceeded during any length of time; EPA: Environmental Protection Agency.) 

 

Combined exposure to both FA and wood dust is common in the furniture industry, where FA is 

released from particleboard. Formaldehyde-based glues have been used in the assembly of plywood 

for over 30 years. Since both compounds are hazardous to the nose, it was considered of interest to 

investigate whether exposure to a combination of FA and wood dust has an additive adverse effect. 

Wood dust could act as a carrier of absorbed FA to the lower airways (Holmstrom, 1988; Jafari, 

2015). 

FA exposure can be via inhalation of its gaseous form and either via ingestion of the substances who 

contain it but its intake can happen also via dermal absorption. FA is able to induce acute poisoning, 

cause irritation and other immunotoxic effects. Long-term exposure to elevated level of FA is also 

reported to be responsible for such serious and chronic health effects as inflammatory and 

hyperplastic changes of the nasal mucosa. Many transmission routes—inhalation, oral 

administration, topical application, and subcutaneous injections- has been tested in rodents to 

study the role of FA as carcinogenic agent. Rodents, exposed to high concentration of airborne FA, 

showed nasal tumors and it lead to think to FA’s carcinogenic effect in occupational exposed 

workers (Kim, 2011). 

There is sufficient evidence for a linkage between FA exposure and nasopharyngeal cancer, nasal 

and paranasal cancer, and leukemia (Kim, 2011). 
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2.OXIDATIVE STRESS 

Oxidative stress (OS) is considered an important phase of various diseases. OS, characterized by an 

imbalance between oxidants and antioxidants in favor of oxidants, leads to disruption of redox 

signaling and physiological function. These redox signaling modifications, performed by reactive 

oxygen and nitrogen species (ROS and RNS), target protein activities within complex networks of 

kinases, phosphatases, ion channels, and apoptotic cascades and can cause changes in 

transcriptional activity (Lushchak,2014). ROS and RNS are known to damage all cellular biomolecules 

(lipids, sugars, proteins, and polynucleotides). Many defense systems are involved to prevent 

uncontrolled ROS increase; these systems include from one side nonenzymatic molecules 

(glutathione, vitamins A, C, and E, and antioxidants present in foods), from the other side enzymatic 

scavengers of ROS, with superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase 

(GPX) (Marrocco, 2017). 

2.1 Biomarkers of oxidative stress 

Under physiological conditions, ROS and RNS generated by leukocytes have a role in the immune 

response to infection. In the presence of oxidative stress, ROS generated in vivo can cause oxidative 

damage to lipids, proteins and nucleic acids (Wu, 2004). Various markers of oxidative damage have 

been identified. In the past, some markers were designed and used for lipid peroxidation, such as 

malondialdehyde (MDA) and F2-isoprostane (Pisoschi, 2015). 

ROS can induce lipid peroxidation of polyunsaturated fatty acids (PUFAs), which propagate via 

peroxyl radicals (ROO•) within the membrane, as well as in the low-density lipoproteins (LDL). In 

the context of metabolic syndrome and chronic inflammation, the oxidized LDL (oxLDL) activate 

leukocytes and/or platelets to produce ROS. The direct quantification of ROS is a valuable and 

promising biomarker that can reflect the disease process. However, given the short half-life of these 

species, their measurement in biological systems is a complex task (Au, 2007). 

• F2-isoprostanes: F2-isoprostanes are synthesized during non-enzymatic oxidation of arachidonic 

acid by different types of free radicals, including ROS (Roberts, 2000; Milne, 2015). Based on the 

position where the oxygen molecule is added to arachidonic acid, four regioisomers are formed, 

giving each of the four F2-isoprostane series. Furthermore, each series comprises 16 stereoisomers.  

F2-isoprostanes can be measured in human biological fluids as human blood and urine (Basu,2008). 

They have two important characteristics: 1) describe a lipid peroxidation not completely stopped by 

the antioxidant defenses; this leads to an exponential increase in the isoprostane concentrations; 

2) isoprostane quantification represent used as a sensitive expression of systemic oxidative stress 
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status and inflammatory response (Breintenbach,2015). There are three main techniques used to 

assay F2-isoprostanes: gas chromatography with mass spectrometry detection (GC-MS), liquid 

chromatography with tandem mass spectrometry detection (LC-MS/MS), and enzyme-linked 

immunosorbent assay (ELISA). GC/MS and LC-MS/MS techniques show as many advantages; one is 

the great sensitivity of the method. The immunoenzymatic ELISA-based tests shows lower 

performance compared to the chromatography-based techniques due to cross-reactivity. On the 

other side, ELISA tests allow to measure faster many samples, preserving sensitivity and sensibility. 

In the epidemiological studies, the 15-F2t-isoprostane is the most used biomarker of oxidative 

stress. In the last two decades many epidemiological studies investigate, using ELISA technique, 15-

F2t-isoprostane as a possible biomarker of oxidative stress in chronic diseases. A positive correlation 

was found between 15-F2t-isoprostane and asthma, BPCO, and cancer (Antus, 2016; Zinello, 2016). 

Recent studies shown also a correlation between 15-F2t-isoprostane with tobacco smoking and 

either exposure to FA (Bellisario, 2016; Romanazzi, 2013). 

In addition to damage to lipids and proteins, ROS can interact with DNA and can lead to the 

modification of the constituent 2-deoxyribonucleosides to yield oxidation products. 

• 8-oxo-7,8-dihydro-2-deoxyguanosine (8-oxodG, also known as 8-OHdG): 8-oxodG is one of the 

most commonly formed DNA lesions produced in response to oxidative stress and it is considered 

as a cellular marker for both oxidative stress and oxidative damage to DNA (Brenner, 2014). Guanine 

is the most easily oxidized nucleotide base, and its oxidation forms 8-oxodG. Measurement of 8-

oxodG in DNA is a marker of oxidation induced damage and, possibly, cancer risk. The quantification 

of 8-oxodG measurement in cells is problematical due to post-sampling changes and artifact. 

Measurement of 8-oxodG in urine is more straightforward. Extracellular 8-oxodG is excreted in urine 

without further metabolism. This metabolite is stable in urine, and concentrations are not affected 

directly by diet or cell death. The origin of 8-oxodG in urine is not clear, but it is believed to be from 

sanitation of the nucleotide pool. This makes urine 8-oxodG a potentially specific and robust 

biomarker of “whole body” oxidative stress (Lee, 2009). 

In addition to mutagenic role, 8-oxodG may have other negative effects on cell function, including 

promotion of microsatellite instability and acceleration of telomere shortening (Lam, 2012). The 

analytical methods applied to measuring urinary 8-oxodG can be divided into two main types: 

chromatographic and immunoassay. The former includes HPLC in conjunction with tandem mass 

spectrometric or electro-chemical detection. However, increasingly the strengths of mass 

spectrometry are being exploited; these include high sensitivity, specificity, and the ability to 
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measure numerous lesions in a single run. The main disadvantages of massspectrometric techniques 

are the high cost of equipment and the need for skilled staff for operation and maintenance. As 

urine is a complex matrix, a cleanup step is often performed to facilitate detection and maximize 

equipment lifetime. Solid-phase extraction (SPE) has been employed as a relatively fast and simple 

way to extract and clean up 8-oxodG from urine before massspectrometric detection (Brenner, 

2014). 

 

2.2 Sources of oxidative stress 

Oxidative stress plays a virtual role in every human disease and environmental exposure can be an 

important source of contaminants. (Van’t Erve, 2017). Oxidative stress is the expression of an 

imbalance occurring when endogenous or exogenous oxidants overtakes the level of antioxidant 

defenses indicating a risky condition. The main exogenous sources are the environmental pollution, 

in particular the atmospherically one, occupation exposure to several toxic chemicals, UV radiation, 

diet, and cigarette smoke. All these factors may be directly or indirectly responsible of the 

production of ROS. According to geographical area and socio-economic activities carried out, air 

pollution may present physical, chemical, mutagenic and toxicological properties, able to induce the 

production of ROS. The direct exposure to the air pollutants determines for the respiratory system 

a risky condition for several diseases. 

Inhalation of air pollutants and toxic promote the production of ROS, that may result in increased 

airway inflammation and hyperactivity in response to environmental agents. Among air pollutants, 

FA is an important chemical widely used in many working activities including construction, wood 

processing, furniture, textiles, carpeting, hospitals and healthcare. FA represents a ubiquitous 

pollutant, breathable in every living and working environment (Nielsen, 2017). Furthermore, wood 

dust is another very important pollutant, present in several working contexts, who represents an 

important risk factor for several chronic diseases (Baran, 2009). Overall, exposure to FA and wood 

dust are associated to a wide range of adverse health effects, from mild to severe. Acute exposure 

can cause irritation (on eyes, nose, throat, and skin), nasal congestion, sore throats, headaches, 

coughs, conjunctivitis, fatigue, rashes, shortness of breath, nausea and nosebleeds. Both are 

endowed with genotoxic and oxidant activity and are also known as human carcinogen and as an 

inducer of chronic toxicity. Long-term exposures to wood dust, formaldehyde and cigarette smoke 

have all been thought to be etiological factors of paranasal sinuses and nasal cavity cancer. 

Interestingly, all these etiological factors have been proven capable of induce oxidative stress (Tan, 
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2106). Therefore, the study of the relationship between exposure to these chemicals, their 

biological effect and related diseases is crucial in several contexts, but rather complex. 
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3. OBJECTIVES 

 

The traditional epidemiological techniques have always been the hallmark approach to demonstrate 

associations between exposure to hazardous substances and development of disease such as 

cancer. The endpoints of traditional epidemiology for such investigations are usually mortality and 

disease incidence. The new molecular approach, since several years, has flanked the classical 

epidemiological techniques with the most current analytical methods of molecular type to elucidate 

the biochemical or molecular basis of disease etiology. 

The aim of the present research has been to investigate the role of occupational exposure to wood 

dust in the induction of oxidative stress and to contribute to the interpretation about the 

mechanism involved in diseases-wood dust correlated. 

The following points were developed: 

1. To evaluate wood dust exposure in different industrial scenario in Piedmont region. 

2. To investigate oxidative stress because of occupational exposure of workers to wood dust. 

3. To investigate the combined role of FA and wood dust in the induction of oxidative stress in the 

same population of workers. 

4. To quantify the DNA damage due to FA and wood dust occupational exposure. 
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4.MATERIAL & METHOD 

 

4.1EPIDEMIOLOGICAL SAMPLE: 

The four industries who joined the proposal to participate in the study have been contacted thanks 

to the help of local Trade Associations. At first, manager and responsible for prevention and 

protection (RSPP) of the chosen Industries have been informed about the study, then workers have 

been called up for the information meeting. So far 245 volunteers (128 exposed) have joined and 

participated in the study (165 male, 80 female). All the industries are in Piedmont region; three of 

them located in province of Cuneo, one in province of Vercelli. In “Cuneo I” the subjects were 68, of 

which 22 non-exposed to wood dust, in “Cuneo II” 30, all exposed, and in “Cuneo III” 13. Finally, in 

the Vercelly industry, 39 volunteers were recruited. The sampled industry in Vercelli produces 

plywood for boat building and for furniture, like “Cuneo II” and “Cuneo III”. “Cuneo I” produces 

doors.  

Concerning types of wood, the industry that produce doors usually processes soft wood. The 

industry in province of Vercelli works poplar, Okoumé, Cherry, Moabi, Mahogany and Teak. All these 

types of wood are hardwood. Poplar is also used in Cuneo II. 

All subjects signed an informed consent form before starting the study. Afterwards, they filled in a 

questionnaire to provide personal and lifestyle data (smoking, alcohol and dietary intake), medical 

status (taking medication), and work history information. Information was also requested on the 

type of wood material usually used at work.  

Each subject received a personal passive air-FA sampler and a personal active air sampler equipped 

to sampling dust device. These two samplers were both positioned near the respiratory tract. At the 

end of the working shift, the biological samplers (urine and nasal swab) were collected and then 

transported to the laboratory, where they were stored at -20° C and the day after moved at -80°C. 
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4.2 ENVIRONMENTAL ANALYSIS: 

 

Personal dust:  

The wood dust was collected on a SKC Button Aerosol sampler equipped with PVC fiber filters (0,5 

μm, Ø25 mm, Whatman) operating with a flow rate of 4 L/minute (Gilian 5000, Sensidyne, USA). 

Wood dust concentrations were determined by gravimetric analysis (HSE, 2014). For the weighing 

of the filters, an analytical scale with a sensitivity of 0.00001 ug was used. For the transfer of the 

filters to the pan, tweezers with a flat tip, not knurled, was used to prevent abrasion or damage to 

the filters. To dehydrate the filters, they were being treated keeping them in a desiccator for 48 

hours before carrying out the weighing. This procedure had been conducted every time before and 

after each sampling. Each group of filters (10 filters + 1 blank) was weighed included the control 

filter; this allows a constant monitoring of uniformity of the cooling-weighing system. The formula 

to quantify the wood dust is C=W/V, W = weight of dusty filter – weight prior to sampling filter [mg], 

V = Air volume sampled [m3]. 

 

Gallic acid: 

The determination of GA on the wood dust is obtained through liquid chromatography combined with 

mass spectrometry, in particular through a system of new generation, UPLC-MS/MS (Acquity UPLC 

Waters) coupled to a mass detector triple quadrupole (Waters TQD). The wod Briefly, the PVC 

membranes are extracted with 3 ml of methanol at 20% in water and of internal standard (30 μl PCA 

100 μl); the sample is vortexed for 15 min. and centrifuged at 5000 rpm for 5 min; 200 μl of the 

supernatant are extracted twice with 500 μl of ethyl acetate (liquid-liquid extraction). the sample is 

vortexed for 15 min. and centrifuged at 5000 rpm for 5 min. The surnatant is dried with dry nitrogen 

and recovered with 200uL of 1% acetic acid in water in injected into UPLC (3uL). The 

chromatographic separation is achieved with a column Acquity UPLC HSS T3 1.7μm (2.1 x 50 mm 

DI) using a gradient characterized by variable percentages of formic acid and 0.1% methanol at a 

flow rate of 0.5ml/min. The retention time of GA is 0.73 minutes. The method is linear in the range 

of 5-400 ug/L and is characterized by a LOD equal to 0.5ug/L. 

 

Personal FA: 

FA air samples were collected for a working shift (8 hours) using passive, personal air samplers 

working with radial symmetry (Radiello®). The sampler was clipped near the breathing zone of the 

subject to quantify as accurately as possible air-FA during the work shift.  Each sampler was 
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equipped with a specific sorbent tube containing florisil 35-50 mesh coated with 2,4-

dinitrophenylhydrazine (DNPH). DNPH react with FA and changes by derivatization to the specific 

2,4-dinitrophenylhydrazone-FA. This analyte was quantified with a HPLC Perkin-Elmer equipped 

with an UV detector regulated at 365 nm: NIOSH Method no. 2016. The instrument was set 

according the following specifications: pump Perkin-Elmer series 200, detector UV Perkin-Elmer LC 

295, dilutor model 401 Gilson, automatic sampler Gilson model 231, HPLC column(length 150 mm- 

4,6 mm diameter), and cartridge 10 m LiChro CART 250-4. The instrumental conditions were as 

follows: mobile phase, 45% acetonitrile and 55% water; flux in column, 1.9 mL/min; and injection 

volume, 20 μL. The estimate limit of detection (LOD) was 0.05 μg/mL. The chemical desorption was 

done as follows: elution with 10 mL of acetonitrile and sonication for 20 min. 200 μL of DNPH 

solution and a drop of concentrated perchloric acid were added to 1 mL of bubbled sample to 

promote derivatization to dinitrophenylhydrazone. The reaction proceeded for at least 30 min at 

room temperature, and then, the samples were transferred in microvials (300 μL) for HPLC analysis. 

The calibration curve was prepared using a calibration standard (the specific 2,4 

dinitrophenilhydrazone formed as above) provided by the sampler manufacturer, Radiello, and had 

a certificated concentration of 3.83 μg/mL, expressed as FA. The calibration curve was prepared 

with a range of concentration between 0.05 and 3 μg/mL. The standard solutions and the blank 

were treated as samples. 

 

4.3 BIOLOGICAL ANALYSIS: 

 

Urinary Isoprostane: 

15-F2t-IsoP was measured in urine by ELISA method. A microplate kit specific for urinary 15-F2t-IsoP 

(Oxford, MI, USA) was used following manufacturers' instructions. This kit is based on a competitive 

ELISA test and microplates are directly coated with polyclonal antibody specific for F2-IsoPs.  Urine 

sample were mixed with an enhancing reagent to limit interferences due to specific binding. Both 

samples and standard compete with 15-F2t-IsoP conjugated to horseradish peroxidase (HRP) for 

binding a polyclonal antibody on the microplate surface. After the addition of the substrate, the HRP 

activity resulting was measurable in color development. The intensity of the color is inversely 

proportional to amount of unconjugated 15-F2t-IsoP in the samples or standards. To stop the 

reaction, sulfuric acid (3M) was then added to each well and the microplate was read at 450 nm 

using a microplate reader (Tecan). The declared limit of detection is 0.2 ng/ml and the possible 
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cross-reactivity of this method is fixed below 3%. To achieve better accuracy by the ELISA method, 

a dilution rate of 1:4 (v/v) was adopted. Finally, 15-F2t-IsoP concentrations were normalized with 

the CREA levels. 

 

Urinary Cotinine:  

Urinary cotinine was measured aiming to consider the role played by tobacco smoke in the onset of 

an oxidative stress status. Cotinine was measured in urine sample with a solid phase competitive 

ELISA kit, according to manufacturer’s instructions (Abnova, Taiwan). The samples and cotinine 

enzyme conjugate were added to the wells coated with anti-cotinine antibody. Cotinine in the 

samples competed with a cotinine enzyme (HRP) conjugate for binding sites. Unbound cotinine and 

cotinine enzyme conjugate was washed off by washing step. Upon the addition of the substrate, the 

intensity of color was inversely proportional to the concentration of cotinine in the samples. A 

standard curve was prepared relating color intensity to the concentration of the cotinine. The assay 

sensitivity is 1 ng/ml; the kit has been chosen with the purpose of distinguishing the active smokers 

from non-smokers, avoiding being based on a subjective quantification. 

 

Urinary 8-oxodG: 

The determination of 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-oxodG) in urine is obtained with 

Acquity UPLC system coupled with a triple quadrupole Waters TQD mass spectrometer (Waters, 

Milford, MA, USA). The method is validated according to EMEA bioanalytical method guideline 

(EMEA 2011). Briefly, after thawing, internal standard ([15N5] 8-oxo-7,8-dihydro-2′-

deoxyguanosine) is spiked to urine samples (1.0 mL). After mixing and centrifugation, samples are 

diluted in 100 mM formic acid solution (1:4), filtered using 0,2 µm Acrodisc Syringe Filter and 

injected onto UPLC system. 

Chromatographic separation is performed on a UPLC BEH equipped with C18 column (2.1 × 100 mm, 

1.7 μm) maintained at 40°C and by gradient elution with a mixture containing variable proportions 

of 20mM formic acid solution and methanol. Flow rate is delivered at 0.5 mL/min, retention time of 

8-oxodGuo and its internal standard is 1.8 ± 0.01 minutes. Injection volume is 7.5 μL. 

For the mass spectrometer detection, electrospray is operated in positive ion mode and the 

acquisition is performed in MRM; in particular 8-oxodG: m/z 284.0  167.9 for quantification (CV 

18, CE 15) and m/z 284.0  116.9 for confirmation (CV 18, CE 19); for 15N5 8-OHdG: m/z 289.0  

173.0 (CV 18, CE 15).   
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The method is accurate and precise; it provides a broad linear concentration range of 3-100 nM 

using Sigma synthetic urine LLOQ was 1.5 nM. 

 

4.4 STATISTICAL ANALYSIS: 

Statistical analysis were carried out with the statistical package “Stata” (version 12 SE for MS 

Windows®64 bit) and SPSS (IBM) to test urinary 15-F2t-IsoP, 8-oxodG, cotinine, and environmental 

samples. According to the Box–Cox regression, the variables had been transformed in logarithmic 

form; to normalize distribution and reduce heteroscedasticity. A multiple linear regression (MLR) 

was carried out to assess the effect of covariates on OS markers; using wood dust and FA as 

independent variables and OS markers (15-F2t-IsoP e 8-oxodG) as dependent variables. For the final 

regression model, only variables that proved to be significant at 5% level were retained. 
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5.RESULTS 

 

The characteristics of the population enrolled in the study are described in Table 5. 

 

 Subject exposed (n. 128) Subjects not exposed (n. 117) 

 Mean ± S.D. Median (min, max) Mean ± S.D. Median (min, max) 

Age (years) 43,2 ± 10,4 44 (20; 61) 40,0 ± 10,9 40 (23; 69) 

BMI (kg/m2) 23,8 ± 3,1 23,8 (18,4; 34,9)  23,3 ± 0,3 23,0 (15,8; 34,5)  

Dust (mg/m3) 0,37 ± 0,33 0,29 (0,03; 2,43) 0,07 ± 0,05 0,04 (0,00; 1,19) 

Formaldehyde 

(µg/m3) 

76,0 ± 63,2 57,8 (14,5; 330,2) 19,5 ± 17,3 15,1 (4,0; 106,5) 

15-F2t-IsoP (ng/mg 

crea) 

3,04 ± 2,22 2,56 (0,24; 15,96) 3,03 ± 1,96 2,51 (0,19; 12,35) 

8-oxodG 

(µmol/mol) 

1,18 ± 0,99 1,03 (0,32; 11,32) 1,17 ± 0,55 1,10 (0,07; 3,21) 

Cotinine (ng/mg 

crea) 

47,1 ± 90,1 13,7 (0,4; 616,5) 26,6 ± 60,0 5,8 (0,3; 404,0) 

Table 5: Descriptive analysis of the 245 subjects enrolled (BMI: Body Mass Index; S.D.: Standard 
Deviation) 
 

According to the Box–Cox regression results, the values of 15-F2t-IsoP, 8-oxodG, formaldehyde and 

exposure to wood were subjected to a logarithmic transformation prior to execute the multiple 

linear regression (MLR) analysis, to stabilize the variance and normalize the distribution. 

BMI has not been shown to be significantly different in the model (p>0.050) and, therefore, were 

excluded from the computation of the final MLR regression model. 

Findings of environmental analysis are shows in Table 6 as means for each industry and for not 

exposed. Highest values of dust were found in the Vercelli industry and the lowest in Cuneo I, the 

door industry. In addition, the dust proves to be significantly higher among the exposed subjects 

(p<0,001). 
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Dust n. Mean ± S.D. (mg/m3) C.I. (95%) Min-max 

VC 39 0,457 ± 0,327 0.351 - 0.534 0.9 – 1.95 

CN1 46 0,182 ± 0,222 0.137 - 0.492 0.00 – 1.07 

CN2 30 0,393 ± 0,266 0.293 - 0.492 0.12 – 1.41 

CN3 13 0,375 ± 0,54 0.114 - 0.637 0.01 – 2.43 

Not exposed 117 0,068 ± 0.05 0.059 – 0.794 0.00 – 0.19  

Total 245 0,225 ± 0,282 0.189 – 0.261 0.00 – 2.43 

Table 6: Wood dust values sampled in the workers of the four industries and values of subjects non-
exposed (S.D. Standard Deviation; C.I. Coefficient Interval) 
 
In Table 7, FA concentration are summarized. As for wood dust, in Vercelli industry higher level of 

FA were recorded, as in Cuneo II. Lowest values of FA were found in Cuneo III. Furthermore, the FA 

levels recorded among the exposed subjects show a significant higher concentration (p<0,001). 

 

Formaldehyde n. Mean ± S.D. (mg/m3) C.I. (95%) Min-max 

VC 39 110.3 ± 71.4 87.1 – 133.4 48.5 – 330.2 

CN1 46 35.1 ± 11.8 32.2 – 37.9 11.6 – 62.7 

CN2 30 114.0 ± 63.1 90.4 – 137.5 19.3 – 207.8 

CN3 13 30.1 ± 8.4 26.1 – 34.1 22.2 – 59.1 

Not exposed 117 15.0 ± 15.4 11.7 – 18.2 4.0 – 106.5  

Total 245 49.0 ± 55.0 42.1 – 55.9 4.0 – 330.2 

Table 7: Formaldehyde values sampled in the four industries and non-exposed values (SD:Standard 
Deviation; C.I. Coefficient Interval) 
 

Higher levels of Gallic acid were found in Cuneo III than lower values were found in Cuneo II.  

Gallic acid n. Mean ± S.D. (mg/m3) C.I. (95%) Min-max 

VC 39 0.006 ± 0.010 0.003 – 0.010 0.000 – 0.061 

CN1 46 0.032 ± 0.139 -0.002 – 0.066 0.000 – 1.140 

CN2 30 0.000 ± 0.000 0.000 – 0.010 0.000 – 0.002 

CN3 13 0.060 ± 0.079 0.022 – 0.099 0.000 – 0.341 

Not exposed 117 0.000 ± 0.001 0.000 – 0.001 0.000 – 0.050 

Total 245 0.015 ± 0.079 0.005 – 0.025 0.000 – 1.140 

Table 8: Gallic acid sampled in industries (SD: Standard Deviation; C.I. Coefficient Interval) 
 

 



 

19 
 

Fondazione Salvatore Maugeri quantified in raw material the GA concentration (Figure 1). 

 

Figure 1: Gallic acid concentration [ng/mg] in raw material samples  
conducted by Fondazione Salvatore Maugeri. 

 

 

The MLR of log GA shows a significant higher level of GA for all the industries if compared to 

controls, except Cuneo II. This is probably due to the non-use of woods contain this marker in this 

industry. 

 

Gallic acid Industries Mean Log (ng/mg) p C.I. (95%) 

Non-exposed 

VC -2.37861 < 0.05 -3.0676 – 1.689 

CN1 -2.39804 < 0.05 -2.9759 – 1.820 

CN2 -0.08782 N.S. -0.8453 – 0.669 

CN3 -4.22454 < 0.05 -5.1313 – 3.317 

Table 9. MLR parameters, with 95% C.I. of Log GA. 
 
Subsequently to the environmental analysis, the biological responses was carried out analyzed 

quantifying them on all the subjects enrolled in the study. The Isoprostane, adjusted by age and 

gender considered as confounder parameters, shows a positive and significant correlation with 

wood dust (p = 0,002) (Table 10). 
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Log 15-F2t-IsoP Coeff. (95% C.I.) p 

Log wood dust 0.152 0.057 0.246 0.002 

Wood dust exposed -0.955 -1.236 -0.673 0.000 

Table 10. MLR parameters, with 95% C.I., of Log 15-F2t-IsoP. 
 
 

Robust multiple linear regression analysis shows that 15-F2t-IsoP is positively correlated with the 

cotinine (p=0,001), thus showing a role of the tobacco smoke exposure in the increase of oxidative 

stress. This is also confirmed by the robust multiple linear regression analysis showing that the 15-

F2t-IsoP is positively correlated with the concentration of urinary cotinine (p = 0.001) (Figure 2). This 

underlines that cigarette smoking increases the O.S. Conversely, the O.S. does not prove to be 

influenced by exposure to dusts (p = NS), by the standardized BMI square (p = NS) and by exposure 

to FA (p = NS). Furthermore, no significant correlation was found with either age (p = NS) or years 

of work (p = NS). 

 

 

Figure 2. Plot of relationship between 15F2t-IsoP (Log) and cotinine (Log). 

 

Comparison between medians shows that exposure to dust and FA is significantly greater in exposed 

subjects than controls (p <0.001). On the contrary, the difference between the 15-F2t-IsoP and 8-

oxodG levels detected in the two groups is not significant; this shows overlapping levels in the two 

subgroups. The concentrations of dust and FA are correlated with each other (p=0.041), as well as 

the concentrations of 15-F2t-IsoP and 8-oxodG (p=0.002) (Figure 3). 
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Figure 3. Plot of relationship between 15F2t-IsoP (Log) and 8-oxo-dG (Log). 

 

By adjusting the values of 15-F2t-IsoP for age and years of work, considered as confounding factors, 

we can observe a positive and significant correlation between 15-F2t-IsoP and dust (p = 0.002). By 

dividing the measured concentration of dust into tertiles, a significant increase in the levels of 15-

F2t-IsoP between the first and second tertiles (p = 0.001) is evident. An increase that was not 

detected, however, between the second and third (p = NS), as can be seen in Figure 4 for exposed 

subjects. 

 

Log (8-oxodG) /crea) 

Lo
g 

(1
5

-F
2

t-
Is

o
P

) 



 

22 
 

 

Figure 4. Wood dusts divided in tertiles and 15F2t-IsoP (Log). 
 

The 8-oxo-dG proves positively correlated with the dust (p=0.014). On the contrary, it is not 

influenced neither by exposure to FA (p = NS), nor by the concentration of urinary cotinine (p = NS). 

As already for 15-F2t-IsoP, no significant correlation of 8-oxo-dG was found with either age and 

years of work (p=NS). 

The trend between 8-oxo-dG and wood dust is shown in Figure 5. After the division in tertiles of 8-

oxo-dG is possible to observe an increase of the biomarker passing from the first and the second 

tertiles and, slightly, passing from second to the third (p=0,035) (Figure 6). 
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Figure 5: Relationship among 8-oxo-dG and wood dust. 

 

 

Figure 6. Trend of wood dusts in tertiles and 8-oxo-dG 
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6. DISCUSSION 

The aim of this work was to investigate the wood dust occupational exposure of a group of workers 

employed in the wood industries in Piedmont region, Italy. This with two main aims: 1) the 

deepening of the role of environmental wood dust exposure in the development of the oxidative 

stress and 2) the study of the mechanisms, among which oxidative stress, involved in diseases-wood 

dust correlated. For the selection of the epidemiological sample, were enrolled a population of 

exposed to wood dust workers and a population of workers not exposed as controls. The selected 

exposed population, work in four industries sited in Cuneo and Vercelli area of Piedmont region in 

Italy. The four industries show different type of use and manufacturing products of wood; from the 

first step of production as raw material management to produce plywood, to the production of final 

goods as the doors. The population studied was constituted primarily by men (165 men to 80 

women). This is due to the type of manufacture that often sees male workers as protagonists. In 

addition to exposure to wood dust, exposure to FA was also assessed. The oxidative stress level, as 

response to these occupational exposures, was monitored through the quantification of urinary 15-

F2t-IsoP and 8-oxo-dG. 

Occupational exposure to wood dust is known to be associated with a higher risk of many 

respiratory and allergic diseases, over cancer phenomena (Kaupinnen, 2006). Wood dust has been 

classified as human carcinogen by IARC, because a marked increase in the rate of sinonasal cancer 

among workers exposed primarily to hardwood dust were demonstrated. Epidemiological data on 

the carcinogenic effects of wood dust are weaker for softwoods than for hardwoods, making it very 

difficult to establish standards for softwood dust exposure (Lovato, 2015). 

The wood industry is made up of different stages of production. In the primary wood production 

stage (sawmills, cutting and upgrading of cut timber), dust generated by mechanical wood working 

processes is the main environmental hazards. Fine dust may be particularly dangerous when wood 

particles become airborne and reach the lungs. In the chipboard production process, wood boards 

are produced by gluing or bonding together laminates or wood particles. The cheapest and most 

frequently used bonding is FA resin. Therefore, the emission of FA represents one of the main 

pollutants of this production stage (De Marco, 2009). 

Considering the industries studied and their manufactured goods, the main results of this research 

confirm the different amount and types of dusts in manufacturing steps; Cuneo I shows the lowest 

levels of wood dust because that industry production are characterized by the final step of 

productive cycle: the construction of the doors. Instead, At Cuneo II, where raw material (tree 



 

25 
 

trunks) is worked to produce the plywood sheets, higher amount of dusts, as in Vercelli, were 

sampled. About the presence of personal airborne FA, the same trend of wood dust is confirmed: 

the FA concentrations are significantly higher in Cuneo II where, after the use of raw material, rough 

plywood is packaged and send to furniture industry for the next steps. Plywood are processed in 

Vercelli I, where a daily use of FA-resin was observed. This different intensity of worker exposure, 

while respecting the legal levels in all cases, highlights how the different preventive approach to 

exposure to industrial pollutants may highlight a different intensity of health risk. Environmental 

agents studied show higher level in the workers exposed than in non-exposed. Wood dusts and FA 

concentrations, in all the industries, were measured with concentrations under the legislative limits. 

The medium level of wood exposure is 0.37 mg/m3, lower than the D.Lgs 81/2008 limit of 5 mg/m3 

and lower than the OEL (1.5 mg/m3) by SCOEL. 

FA shows a medium value of exposure as 76.0 µg/m3; the TLV-C by ACGIH is 370 µg/m3. A new FA 

limit has been introduced in the last few months by ACGIH: TLV-TWA of 120 µg/m3 and TLV-STEL di 

370 µg/m3. The new limits have been introduced after the sampling period. 

To typify the wood dust exposure, in this study the GA amount in each environmental sample was 

also investigated. Year to day the most serious health effects connected to wood exposure have 

been observed predominantly among workers exposed to hardwood dusts, such as those from oak 

and beech. The industries involved in this study used, during the sampling days, both hard and soft 

woods, dependently on the commercial demand. Define correctly the amount of GA was been 

important to correlate its presence in air to the “hard wood dust exposure” and the level of oxidative 

stress investigated. 

Carrieri et al. (Carrieri, 2016) considered GA as a good marker for oak dust and thus very useful for 

estimating the true quantities of dust inhaled. Analyzing the concentration of gallic acid could be 

useful to quantify the real exposure to oak dust, considered carcinogenic to humans, and to 

differentiate exposure to oak from that of beech (the other wood considered human carcinogen by 

ACGIH) or, again, to differentiate it from other types of woods that do not contain GA. Nevertheless, 

the analysis in this study show a GA amount not only in the industries using oak but also in the ones 

using other type of wood. 

The Fondazione Salvatore Maugeri quantified the GA in raw material (Figure 1) finding his presence 

not only in oak but also in elm and national walnut, two types of wood used in the industries 

involved in the present study. Furthermore, GA had been quantified in fir, a soft wood, and use in 

Cuneo III. 
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We can hypothesize that carcinogenic potentials are present in the dusts of both hard and soft 

woods. However, the toxic and carcinogenic potentials of the mixtures of compounds present in 

wood dusts, as well as the mixtures of natural and synthetic compounds containing additives, paints, 

glues, etc., remain to be evaluated (IARC, 1995).  

In addition, the mechanisms underlying carcinogenesis progression are not yet well understood. 

Two main hypotheses may been taken into consideration: inhalation of potential carcinogenic 

agents in the wood dust (e.g. tannins, unsaturated aldehydes), and inhalation of wood dust particles 

resulting in interference with normal mucociliary action, leading to increasing susceptibility to 

carcinogens due to the alteration on balance between oxidants and antioxidants (Lushchak, 2014; 

Naarala, 2003). 

Oxidative stress is a complex phenomenon and it can involve many mechanisms. 15F2t-Isoprostane 

and 8-oxodG are representative to different type of damage by ROS the first is produced by lipid 

peroxidation; the second is formed because of DNA lesions. So far, no references have been 

published on this item: these two biomarkers have not been used yet to evaluate oxidative stress in 

workers employed in the wood industry and in furniture manufacturing. The correlation between 

these biomarkers from different damage by ROS is positive; in the scientific literature is possible 

found two conflicting ideas; Wu et al. seems confirm the result of the present study, instead Rossner 

et al. show different data. (Wu, 2008: Rossner, 2009). The levels of environmental pollutants, 

however, do not highlight a significant variation in the intensity of oxidative stress markers when 

compared to controls. This condition can be the result of the coexistence of two factors: the 

presence in the controls of oxidative stress induced by factors that have not been investigated in 

my study and, secondly, lower levels of wood dust and FA than I expected. 

Both biomarkers of oxidative stress do not show a positive correlation with FA measured on workers 

exposed to wood dust. Other biomarkers, such as the blood viscosity reduction, better correlate 

with FA, but only at higher level of exposure in wood workers (Jafari, 2015). In the present study the 

FA exposure is under the legal limits and this may be a possible explanation of the lack of positive 

correlation. The low exposure intensity concerning the cumulative exposure to FA, may result from 

the confounding role of smoking, or from the exposures to other occupational hazards that have 

not yet been satisfactorily investigated. 

Sounding out the exposure detail, the levels of wood dust were divided in tertiles and MLR suggest 

as the 8-oxodG level increase gradually from the first to the second tertiles (Fig.4) with the rising of 

wood dust, instead 15F2t-Isoprostane increase only if this biomarker had been adjusted for age and 
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chronic exposure (Fig.2). To support these results, Rossner et al. in 2008 explained that 8-oxodG is 

a biomarker of immediate damage instead 15F2t-Isoprostane express a previous exposure (3-4 

weeks before). This type of approach is particularly suitable to assess the response to environmental 

and occupational exposures based on several environmental factors (about 20% in the case of DNA 

oxidation) and on the genetic component (Broedbaek, 2011). The quantification of 15F2t-

Isoprostane could be explain with the interpretation of the lipid damage repair mechanism; this 

damage will not be immediately after a damage. 

The analysis of tertiles also shows as the trend of both biomarkers not change anymore from the 

second to the third tertiles, lead to think to a threshold limits of wood dust exposure able to induce 

oxidative stress. 
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7. CONCLUSION: 

The present study provides further evidence that workers in the wood industry are exposed to 

substances such as dusts and FA, potentially able to induce an alteration of health status. Apart the 

carcinogenic properties, these risk factors can determine an increase in levels of oxidative stress 

and, consequently, an increase of an inflammatory harbinger of many chronic diseases. The choice 

of the two biomarkers I have investigated was determined to obtain more information about wood 

dust and a better understanding of how these chemical agents act. This is to promote the best 

preventive strategies to combat oxidative stress and therefore many diseases related to it. The 

present study also raises the issues of future quantitative individual risk assessment and the need 

to explore all the potential factors involving in this phenomenon.  

Will be useful planning the sampling twice time, to evaluate the seasonality for the two carcinogens 

compound. 

Finally, the results of this research highlight as working in accordance to the precautional principles 

(D.Lgs 81/2008 and CE normative) can protect the workers from unhealthy situation. Further studies 

are necessary to explore the different occupational situations (for example higher value of exposure 

to wood dust and FA) to investigate the environmental exposure and genotoxic and mutagenic 

effects of these two toxic agents. 
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