Towards understanding the health aspects
of the processing of lignocellulosic fillers
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INTRODUCTION

The information related to the threats posed by particular chemicals are often included in datasheets. They are provided according to different systems or standards, such as Globally Harmonized
System of Classification and Labelling of Chemicals (GHS) and NFPA 704: Standard System for the Identification of the Hazards of Materials for Emergency Response [1,2]. Nevertheless, except for
their intentional use in well-defined and designed chemical reactions, different chemical compounds may also be generated in various more complex (in terms of chemistry) processes, e.g., related
to the processing of waste or bio-based materials, which could be applied as fillers for wood polymer composites [3]. Therefore, in order to develop a sustainable process and fully evaluate its
benefits and drawbacks for its optimization, it is crucial to determine its impact on the surrounding environment [4]. One of the possibilities is the emission of volatile organic compounds (VOCSs),
which is a crucial aspect of occupational safety and health [5]. In the presented work, we introduced the passive dosimetry to aimed to assess the emission of VOCs during the modification of
lignocellulosic fillers. Two types of processes were investigated: diisocyanate treatment of commercial lignocellulosic fillers in a batch mixer and thermo-mechanical treatment of brewers’ spent grain

(BSG) using a twin-screw extruder.
EXPERIMENTAL

Three types of commercially available Arbocel® fillers (B400, CW630PU, and UFC100) were modified with varying content (1-15 wt%) of hexamethylene (HDI), isophorone (IPDI), methylene diphenyl
(MDI), and toluene (TDI) diisocyanates, using GMF 106/2 Brabender batch mixer at room temperature.

BSG was thermo-mechanically treated using EHP 2x20 Sline co-rotating twin-screw extruder from Zamak Mercator (Poland), according to our patent application [6] at 60, 120, or 180 °C.

Emission studies were performed with the use of Radiello® passive samplers at the stage of analytes sampling from the gaseous phase. The identification of the main organic compounds in the air of
enclosed space was performed with the use of TD-GC-MS system. Full procedure was described in details in our other work [7].

EMISSION OF VOCs FROM ISOCYANATE-MODIFIED CELLULOSE FIBERS

Table 1. Volatile organic compounds detected during the processing of lignocellulosic materials. The assessment of VOCs emissions Is crucial for
the development of a truly environmentally-
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The majority of terpenes and terpenoids show significant flammability [10]. They are rated as 2 or 3 by NFPA, indicating the flash point of 37.8-93.3 and 22.8-37.8 °C, respectively. Compounds with a
flash point below 60 °C are marked as flammable, according to GHS. Flammability of terpenes and terpenoids is a commonly known issue because their high content in particular species of wood
Increases fire threat [11]. Therefore, serious precautions should be taken during the processing of lignocellulosic fillers since they can ignite at relatively low temperatures.

It Is also very beneficial, considering the environmental friendliness of the diisocyanate modification, that no traces of diisocyanates were detected during process. Such an effect was related to the
application of the ambient temperature and their low values of vapor pressure. Therefore, despite the common understanding of diisocyanates as very toxic, which is backed up by GHS standards
(they are categorized as irritating, allergic, harmful, or even fatal), their proper application for modification of lignocellulosic materials should be considered as relatively safe.

Regarding thermo-mechanical processing of BSG, the only compound that was not detected during the treatment of cellulose and wood flour was 2,6-diisopropylnaphthalene (DIPN). Despite rather
low concentration, its presence among emitted VOCs is justified. It is applied as a plant growth regulator [12]. Regarding safety, it is hardly harmful to humans, but may pose a threat to the
environment, mainly when generated in significant amounts, which could lead to its accumulation

CONCLUSIONS

The presented paper aimed to investigate the emissions of volatile organic compounds during the processing of lignocellulosic fillers, which could be potentially applied in the manufacturing of wood
polymer composites. Two types of the processes were analyzed: chemical modification of commercially available cellulosic fillers and thermo-mechanical modification of waste material — brewers’
spent grain. The majority of detected compounds can be classified as terpenes and terpenoids, among which the main were camphene, 3-carene, limonene, a-pinene, and cymenes. Their presence
was related to the chemical structure and origin of investigated materials. Moreover, the information related to the health and environmental threats posed by detected chemicals were provided.
Future works would be aimed to complement the presented research by the quantitative analysis of particular volatile organic compounds emissions and compare them with their thresholds.
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