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1. Introduction 

Central Finland is well known of its know-how in forestry sector. This includes aspects such as 
wood-based fibres and organic chemical bio-products and related production technologies. 
The vast forests of the region are the key raw material source for the bioeconomy of the region. 
This regional know-how is built on the intensive research work in the within sector executed by 
research institutes like VTT (VTT Technical Research Centre of Finland Ltd) and education 
provided by JAMK (University of Applied Sciences) as well as JYU (University of Jyväskylä).  

In 2020 in Jyväskylä the Central Finland Health Care District (KSSHP) will requisite a new 
hospital called Nova, which will provide health services for 21 communities in Central Finland. 
Since the beginning of the planning of the new hospital nature and its capability to enhance 
well-being has had a major role in the design of the facilities. For example, the national parks 
that are located in Central Finland have been the source of inspiration for the themes of 
decoration of the new hospital. Moreover, nature and forests will be utilized also in the 
materials and substances that are used in the new Nova hospital. The new hospital will 
enhance the use of bio-based materials and substances that are based mainly of forest 
products. In addition to this, the circular economy concept has been taken strongly into account 
in the planning of the material flows of the new hospital. The Sami&Samu project will act as an 
enabler in the increasing use of bio-based materials in the Nova hospital.  

The project consortium consists of three actors executing the study: VTT, JAMK and KSSHP, 
each with a special set of skills and experience to cover the vast research challenge in the 
project. The consortium is further strengthened by following companies: UPM Oyj, KiiltoClean 
Oy, Woodly Oy, Millidyne Oy, Serres Oy, Walki Oy, Paptic Oy and Sakupe Oy. 

The Sami&Samu project has two major operation lines. Firstly, the aim is to reduce the effect 
of microbial resistance in hospital environment by using substances originated in forest based 
materials. WHO (World Health Organization) has declared that microbial resistance is one of 
the most important challenges for the next coming decades. Secondly, the project seeks 
solutions for bio-based materials to substitute plastic materials used in processes in hospitals. 
VTT has a proven record in this particular development area and is globally known as one of 
the leaders in the sector. The Sami&Samu project is also targeting to test the effect of wood-
based organic compounds to reduce the effect of microbes in materials used in hospitals and 
on surfaces in certain locations in hospital environment. Besides this, the aim is to test bio-
based antibacterial fibres to be used in certain hospital textiles. One aim of the project is to 
confirm the availability of the certain organic compounds in a supply chains of forest products. 
The preliminary work for this target was made in Biopooli project in JAMK in 2015-2018. The 
hospitals utilize a classification system for cleanness of the different operation facilities. One 
aim of the project is also to develop a low cost camera-based application to measure cleanness 
by using a sophisticated optical system. 

2. WP2: Background studies 

This WP has an important role for the execution of the entire project, by collecting and 
analysing information (from different sources) needed in various later stages to plan and 
finalise different activities in other work packages, particularly the demonstrations in WP5. For 
that purpose, the planned main tasks of WP2 were divided into two main groups, with the 
following objectives: 

1. Potential use of forest-based antimicrobial compounds: 

 To review earlier studies on natural antimicrobial compounds found in the main Nordic 
wood species, to ensure that the most relevant information will be exploited in the project, 
and to identify potential gaps that might need further attention. 
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 To select or develop suitable tests for the efficacies of selected, promising antimicrobial 
substances. 

 To identify a selection of relevant hospital microbes to be used in the above efficacy 
tests. 

 To conduct pre-tests for the integration of the selected antimicrobial compounds to the 
materials or products used in the hospitals. 

2. Replacement of fossil-based materials by wood- or fibre-based sustainable materials: 

 To map hospital materials or medical products where wood- and biobased materials 
could be substituted for fossil-based plastics, or where biobased antimicrobial substances 
could be used. 

 To initiate the integration of the project’s industrial partners to joint innovations towards 
the development of more sustainable hospital materials and medical products. 

The Sections 2.1.1 and 2.1.2 provide short overviews on the progress of the studies related to 
the potential of the forest-based antimicrobial substances. The background studies related to 
the replacement of plastics in different materials and products will be summarised in Chapter 
5 that jointly summarises all the efforts made in this area so far. 

2.1 Main achievements 

2.1.1 Bioactive compounds from forest resources 

For a long time, different secondary metabolites (extractives) found in varying amounts in 
different tree species (and in different tree parts, e.g. xylem, bark, foliage) have attracted a lot 
of interest, for example as raw materials for chemical industry and as bioactive substances for 
pharmaceutical and medical applications. During the past years, more and more attention has 
been paid especially to the antimicrobial properties of these compounds, often as their mixtures 
isolated by different techniques. There are, for example, several recent review papers 
available, covering various types of compounds derived from different sources (Table 1). 

Table 1. Examples of recent reviews on bioactive (antimicrobial) compounds of Nordic and 
other tree species. 

Author(s)* Topic Refs. 

Tanase (2019) Phenolic compounds in woody vascular plants 105 

Metsämuuronen (2019) Phenolic compounds in Scots pine and Norway spruce 145 

Metsämuuronen (2014) Antibacterial compounds in the main Finnish trees 68 

Jablonsky (2017) Extractives in softwood barks 280 

Alberti (2018) Diarylheptanoids (e.g. in birch) 192 

Szwajkowska-Michalek Bioactive compounds in Centr. Eur. trees and shrubs 195 

Routa (2017) Extractives of Nordic trees 215 

Royer (2012) Extractives in Canadian hardwoods 200 

Royer (2013) Extractives in Canadian softwoods 115 

Król (2015) Betulinol as an anticancer agent 81 

Rastogi (2015) Medicinal compounds in birch species 150 

*See the References list for the details. Only the first author now listed. 
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Despite the extensive amount of information, a deep survey on the antimicrobial compounds 
in main Nordic wood species was conducted, also focusing on the studies of their efficacy 
against a number of relevant hospital microbes. The searches revealed more than 500 
publications dealing with pine, spruce, larch, birch, aspen, beech and/or alder, dealing with the 
selected microbes as listed below (of them, E. coli and S. aureus were selected as the key 
microbes for the future laboratory tests): 

• Escherichia coli  142 publications 
• Staphylococcus aureus 140 publications 
• MRSA    17 publications 
• Pseudomonas aeruginosa    78 publications 
• Salmonella (all species)   38 publications 
• Klebsiella pneumoniae   26 publications 
• Enterococcus faecalis   19 publications 
• Clostridium difficile      0 publications 
• Aspergillus niger     28 publications 
• Candida auris       0 publications 

A separate, comprehensive excel file has been compiled on many of the above publications, 
including the experimental methods to isolate the applied chemicals and the test methods to 
study their antimicrobial properties. The document is available on the project’s workplace. 

The existing information clearly shows that a high number of potentially interesting and useful 
chemicals and fractions could be available, not only from the xylem (wood) materials of the 
trees, but especially also from bark, needles, leaves and other tree parts. Of these, for 
example, many softwood and hardwood barks and softwood needles seem to be rich in a wide 
variety of such compounds, including low- and high molar mass phenolic compounds, different 
terpenoids and sterols, and miscellaneous compounds. Examples of potentially interesting 
phenolic bark compounds are shown in Fig. 1. Many of such compounds have shown 
numerous bioactive properties, for example lignin has shown reduced risk of coronary heart 
disease, vasoprotective activity, and antiADD, antiaflatoxin, antiaggregant, antiaging, anti-
allergic, antiangiogenic, antiarrhythmic, antibacterial, anticancer antidermatitic, antiestrogenic, 
antiherpetic, antihistaminic, anti-HIV, anti-inflammatory, antimelanomic, antimutagenic, anti-
oxidant, antiperistaltic, antiproliferant, antispasmodic, antistress, antithyroid, antiviral, anxio-
lytic, apoptotic, choleretic, CNS-depressant, cytotoxic, differentiator, diuretic, DNA-protective, 
estrogenic, hypotensive, inotropic, musculotropic, mutagenic, myorelaxant, pesticide, 
progestational, radioprotective, sedative, sunscreen, and uterotrophic properties (Routa et al. 
2017).  

The future use of different forest-derived chemicals or fractions also depends on their secured 
availability in sufficient volumes and purities. Currently, the main Nordic and global source for 
such chemicals is tall oil, further fractionated to fatty acids and resin acids, and their  
combinations. In addition, phytosterols for food ingredients are currently produced from tall oil 
in high amounts. Another important, industrial fraction is crude turpentine, composed of two 
principal fractions: monoterpenes as the desired main fraction, and distillation residue, 
composed of numerous, currently overlooked sesqui- and diterpenes. Other extractives (or 
related fractions), currently isolated and used in various amounts include polyphenolic tannins 
and different minor streams, such as bark extracts or essential oils from softwood needles. 
Some materials of that type are also used as nutraceuticals; one of the best-known examples 
may be French Pycnogenol extract from pine bark, available in almost all Finnish shops and 
supermarkets selling natural health products.  
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Fig. 1. Examples of bioactive phenolic wood bark compounds (Tanase et al. 2019). 

At the moment there are several signals in the Nordic, European and other countries 
demonstrating that numerous SMEs have started to pay more and more attention to the 
separation and valorisation of tree extractives and related materials for pharmaceutical, 
nutraceutical and other applications, based on different bioactive properties of the desired 
chemicals and fractions. From the perspective of the present project, there are several key 
challenges related to the use of such materials in the hospital environments. These include, in 
addition to their antimicrobial effects, questions such as their continuous availability in the 
same (established) composition, their processability into the forms required by the final uses, 
possible emissions (odours) from volatile materials, chemical stability, allergenic properties, 
and many others. 

2.1.2 Antimicrobial curtains for hospital cubicles  

Hospital privacy curtains were identified as one of the key materials worth a closer look in the 
project, for two relevant reasons. First, on a shorter term there is a need to find biobased 
antimicrobial substances to be used instead of (or in addition to) silver. Second, on a longer 
term there will be pressure to substitute biobased curtain textiles for the widely used 
polypropene. Therefore, the major goal was to develop an antimicrobial coating for 
polypropylene sheet used as hospital privacy curtain. The work started by testing a selection 
of bioactive compounds (tannins, resins and terpenes obtained from trees) against S. aureus 
and E. coli bacteria (Fig. 2). Compounds that reduced colony-forming units (CFUs) of both 
bacteria by 99.9% or more (a bacteriocidal effect, ≥log 3 reduction) were selected for coating 
trials. 
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Fig. 2. Antibacterial efficacy of bioactive compounds derived from trees. 
 
Further tree-based materials were also tested against S. aureus with future coating trials in 
mind, one of them in particular showing promising antibacterial activity (Fig. 3). 
 

 
Fig. 3. Antibacterial efficacy of bioactive liquids derived from trees and softwood needles. 
 
The next step was to develop a coating method for the polypropylene curtains (Fig. 4) and 
prepare samples for antibacterial testing. The coating dispersions comprised a binder 
(aqueous vinyl acetate ethylene) and a bioactive compound. The binder turned out not to be 
necessary for coating deposition as long as the hydrophobic PP surface was activated by 
corona treatment. 
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Fig. 4. Method used for coating of polypropylene curtains (binder is optional). 
 
Antibacterial testing of coated curtains containing an estimated 26–44 g/m2 of bioactive 
compound showed that three tannins had bacteriocidal effects (≥99.9% reduction) against both 
of the test bacteria (Fig. 5).  
 

 
Fig. 5. Antibacterial efficacy of coated curtains (ca. 26–44 g/m2of bioactive compound). 
 
Further coated test specimens were then prepared with the three tannins. The amount of tannin 
in the coatings was larger (40–60 g/m2) than in the previous set. This time both S. aureus and 
E. coli were fully eliminated (99.999–99.9999% killed) when the coatings were tested. The 
coatings also showed activity against of the recalcitrant yeast C. auris, although the effect was 
not bacteriocidal (Fig. 6). 
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Fig. 6. Efficacy of coated curtains (ca. 40–60 g/m2of tannin) against the yeast C. auris. 
 
A second goal is to ascertain whether bio-based curtains based on cellulose and embedded 
bioactive compounds could be used in hospitals instead of ones made of polypropylene. The 
first step toward this goal was to investigate the antibacterial effects of blends of nanocellulose 
and bioactive material. Promising results were achieved with several of the blends showing 
bactericidal effects (Fig. 7).  
 

 
Fig. 7. Antibacterial efficacy of blends of nanocellulose and bioactive material (2:1 on dry 
matter basis). 
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2.1.3 Test methods for antibacterial properties 

The antimicrobial test method so far used by VTT is far more demanding than the relevant 
standard method for testing the antimicrobial effects of textiles (ISO 22196). Testing against 
C. auris will be included. 
 

2.2 Future plans 

The literature studies revealed, among others, that softwood needles appear to form an 
interesting future source for various potent bioactive substances, but there are currently no 
comprehensive review papers available on this topic. Therefore, such a review paper has now 
been commenced, to be compiled (at least to some extent) to match with a recent review by 
Jablonsky et al. (2017) on softwood bark. 
 
The next step toward bio-based hospital privacy curtains will entail preparation and testing of 
cellulose-based antimicrobial curtains. The base material is cellulose-based (viscose) and 
provided by one of the project partners, Paptic. The coating dispersions will be blends of Hefcel 
(VTT’s novel high solids nanocellulose product) and selected bioactive compounds. Testing is 
envisaged to entail  VTT’s in-house method . After the completion of all these pre-tests, a 
selection of the most promising tannin and other materials will be used to coat uncoated curtain 
materials to be used in the real hospital conditions for long-term efficacy tests. A recent study 
by Luk et al. (2019) on the efficacy of two types of antimicrobial privacy curtains forms a useful 
reference work.  

3. WP3: Applications of novel camera technology 

The purpose of WP3 is to find out method to detect purity level in hospital environment. The 
current method is slow and expensive (ATP) and rarely performed. New method should be fast 
and efficient for identifying unclean objects and easy to use. In the first phase of the project 
the objective was to identify the existing camera technologies and light sources, test different 
types of devices and select suitable setups for the second phase. 

3.1 Main achievements 

The first phase started with familiarization with the operation of the current method in hospital 
environment (ATP) and interviewing staff about use of ATP device and its challenges. Next 
step was to consider alternatives to the current method and clarify existing camera 
technologies and light sources.  

3.1.1 NIR camera test 

The first camera test was made with EHD IK1112 NIR camera (range 900–1700 nm) and 
different kind of light sources (wavelength 300–3000 nm). The main target was to detect 
unclean spots (surfaces). With the NIR camera unclean spots could not be detected, so the 
next test was focused on finding different types of cleaners (basic hospital cleaners), including 
HETI Moniteho, HETI Kapil, Yleispesu Joutsen, and Oxivir (Figs. 8 and 9). 
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Figs. 8 and 9. EHD IK1112 NIR camera (left) and a set of cleaner samples (right). 

The main results from the NIR camera tests were that the NIR wavelengths are not sufficiently 
good for the detection of unclean spots of fluids. Fluid thickness affects the result. 
 

3.1.2 UV + VIS camera test 

The second camera test was made with Hamamatsu C11440-36U UV + VIS camera (range 
300–900 nm) and different kind of light sources (wavelength 300–3000 nm). With this camera 
we wanted to find out the effect of different wavelength ranges to spot unclean spots and to 
detect cleaners so we purchased different kind of band pass filters (Figs. 10–12). The most 
interesting wavelength range was revealed below 400 nm (UV). When the wavelengths were 
increased, the results weakened.  

 

– X-Nite 330 nm 

– 450 / 50 nm 

– 525 / 50 nm  

– 610 / 10 nm 

– 840 / 40 nm 

– 640 IR-cut 

 

 

Fig. 10. Example of the effect of wavelength on the transmission (Hamamatsu C11440-36U 
UV + VIS camera). 
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Fig. 11 UV light + X-Nite filter. 
 

 
Fig. 12. UV + VIS light + 840 nm band pass filter. 
 

3.1.3 UV camera toilet imaging 

The first real environment test was made in unclean toilet with UV light source and camera 
with UV band pass filter. UV wavelength is useful imaging area also because other light 
sources in the room do not affect the results (Figs. 13–15). With that setup it is easy to spot 
dirty spots on the porcelain.  
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Fig. 13. Toilet imaging setup. 
 

 
Fig. 14. Unclean sink photographed with the UV camera. 
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Fig. 15. Unclean toilet seat photographed with the UV camera. 
 

3.1.4 Microbial imaging with hyperspectral camera 

Microbial imaging was made at VTT’s laboratory in Espoo. The aim of the measurements was 
test if we could detect different types and concentrations of microbial samples with Specim IQ 
hyperspectral camera (Fig. 16). Samples were on the different types of material; wood, metal 
and hospital curtain. Samples were cleaned witch cleaner and paper before microbial growth 
so there was lot of small paper particles on the rough wood surface. That’s why wood samples 
were rejected.  

Other samples will be analysed with Specim IQ Studio application. Specim IQ studio uses 
spectral angle mapper classification method which is an unautomated method for directly 
comparing image spectra (test spectra) to a previously known spectra (reference). That means 
every data cube (imaging sample) needs a lot of analysis before results.  
 

 
Fig. 16. Specim IQ Studio used to study a curtain sample. 
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Steel sample with strong suspension Staphylococcus aureus E-700045 was also analysed. 
The average spectrum is from middle of the sample and the maximum spectrum is recorded 
from the edge (highest concentration). Both of the spectra have been normalized to a clean 
metal surface (Fig. 17). 
 

 
Fig. 17. Specim sample with analysis. 
 

3.1.5 Fluorescence measurements with a spectroradiometer  

When the samples were exposed to UV light a clear fluorescence peak shift was observed 
between few samples (Candida auris and Staphylococcus aureus E-700045; Fig. 18).  
 

 
Fig. 18. Samples of Candida auris, E. coli and Staphylococcus aureus E-700045. 
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Fluorescence peak tests were made with filtered mercury lamp (filter separate only the 360 nm 
peak). Fluorescence spectrum of the samples was measured with a spectroradiometer (Ocean 
Optics QE65000). An interesting finding was that the samples had clearly distinguishable 
fluorescence spectra and that the dispersion between the various measurement points was 
quite small. This could potentially be used to identify microbes (Fig. 19). 
 

 
Fig. 19. Spectroradiometer results. 
 

3.2 Future plans 

Phase 2 will focus on hospital environment tests. Based on phase 1 results hospital environ-
ment test will be done with three different device setups: UV camera, VIS camera and hyper-
spectral camera. Camera test focus on detecting unclean spots from hospital and also the 
cleanliness of coated curtains. 

3.2.1 Hospital environment tests 

Hospital environment test will start 1/2020. Testing schedule will be defined based on camera 
leases and hospital environment schedule (empty room). UV camera test starts with cheap 
usb UV camera but also more expensive and better picture quality camera will be tested. 
Visible wavelength range might be possible to imagine with lease UV camera. With hypers-
pectral camera tests the most important part will be data cube analysis. 

3.2.2 Reactive surface 

Research for reactive surface for impurity detection will continue. Main problem with reactive 
material is that most of them are toxic and therefore unsuitable for use in a hospital environ-
ment. The bio-based substances defined in WP2 will also be included in the reactive surface 
test. Reactive material use in hospital environment is too challenging for regulatory reasons so 
tests will be done in JAMK’s laboratory. 
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4. WP4: Sourcing of antimicrobial substances 

The main objective of WP4 is to produce enough wood-based antimicrobial substances and/or 
mixtures for other actions of the project and test the most simple and suitable processing 
methods for the antimicrobial substances. This WP has a very strong link to WP2 and WP5. 

WP4 is divided into two phases:  

Phase 1. To produce antimicrobial components or to acquire commercial components for pre-
tests, planned in WP2. In this phase, existing production methods are used, taking into account 
the availability of virgin and industrial components as well as the effects of the separation and 
production methods on the composition of components. Also, this phase includes a brief 
techno-economic review from antimicrobial components and utilizes camera technology in 
identification of the components. 

Phase 2: The most potential raw material sources and processing methods from the phase 1 
will be further investigated.  

At the beginning of the project it was known that antimicrobial agents/fractions are located in 
different structural parts of the wood and their compositions and concentrations can vary, e.g. 
according to the age of the tree and the place, where they were grown (Routa et al. 2017). 
Antimicrobial compounds can be present in wood at high concentrations in very specific areas 
of virgin raw materials. Industrial by-products or commercial products have already been 
processed into components or mixtures that can be used quite directly. All the potential 
production paths are important in this project. 

4.1 Main achievements in WP4 

4.1.1 Sources of potential antimicrobial components 

Several antimicrobial components (Table 2) have been produced, collected or received from 
partners for the first screening and material tests and on-going chemical composition analyses 
of substances (by GC-MS). Some of these are from commercial sources, some from industrial 
sources and some from virgin raw materials. The fractions and mixtures of liquid, solids and 
powders have been used in the tests. 

Based on extensive literature studies, the potential production methods and composition data 
and the first testing, the following materials were selected for different application studies:  

 bark compounds (especially betulin and tannins),  
 needle substances/fractions,  
 softwood resin,  
 wood or knot extracts.  

 
The selected antimicrobial substances have been produced and/or purchased more for the 
following experiments. At the same time, the antimicrobial substances and the production 
methods have been considered and the evaluation process of techno-economic evaluation 
has started. Table 3 shows approximate prices of the antimicrobial materials and their current 
availability in the markets. It is the first version that will be refined during the project.  
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Table 2. Sources of the antimicrobial components. 

Material Source Production method Composition Year 

Betulin, purified Birch bark 
Birch bark was peeled from a 
fresh stem and extracted in JAMK 

Powder 2019 

Betulin, crude Birch bark 
Birch bark was peeled from a 
fresh stem and extracted in JAMK 

Powder 2019 

Needles Norway spruce and Scots 
pine 

Collected in Espoo Solid 2019 

Needles,  
annual shoots Norway spruce Collected in Espoo Solid 2019 

Needles, pine Scots pine 
Collected from fresh pine and 
extracted in JAMK 

Paste, solid 2019 

Raw resin, crude Norway spruce 
From producer, collected from 
surface of growing tree stems 

Solid, powder 2016 

Refined wood 
extract1 Softwood 

Combined from commercially 
available substances 

Liquid, mixture 20163 

Refined wood 
extract1 with 
betulin 

Softwood, birch bark 
Combined from commercially 
available substances and mixed 
with betulin 

Liquid, mixture 2019 

Resin, Repolar Oy Norway spruce Company’s own production chain Solid 2013 

Resin, pine Scots pine 
Collected on the surface of stem 
from the forest of Räyrinki 

Solid 2019 

Resin, spruce Norway spruce 
Collected from the surface of stem 
from the forest of Räyrinki 

Solid 2019  

Suberin Birch bark 
Birch bark was peeled from a 
fresh stem and extracted in JAMK 

Solid 2019 

Tall oil Refined tall oil 
Commercial, refined from crude 
tall oil 

Liquid 2016 

Tall oil pitch 
product Industrial tall oil No information available Liquid 20164 

Tannins 

Cationic mimosa tannin, 
Tanfloc SG, 
Sweet chestnut tannin,  
Valonea tannin, 
Tara powder 

Commercial products Powder 2019 

Wood extract1 Softwood 
Combined commercially available 
substances 

Liquid, mixture 20132 

Different rosin 
samples4 Softwood Commercial product Solid, granules 20194 

Sulphate lignin Separated from black 
liquor 

VTT solid 
2018-
2019 

1The publishing process is in progress, the composition of the treating agent can be modified 

2from Inhibition of microbial activities in the pile of energy wood chips during the storage research in years 2013–2016 

3from Biopooli project in years 2015–2018 
4from corporate partner 
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Table 3. Estimations of raw antimicrobial materials price levels and and their availability in the 
markets. 

Raw material Market  
(price/unit) 

Availability in market 
(Yes / Possible) 

Betulin 8–26 000 €/kg1 Yes, own production is also possible  

Crude tall oil 400–500 €/t2 Yes 

Pine needles, crushed Not available 
Possible, needs the development of collection 
and handling systems 

Knot extract Not available, composition 
analysis is in process 

Possible, depending on production method,  
own production is also possible 

Cationic mimosa tannin, 
Tanfloc SG 1.96 €/kg Yes (e.g. via CDM Tannin) 

Tara seed pod powder 1.95 €/kg Yes 

Resin 20–40 €/kg4 Yes, manually collected is expensive 

Wood extract5 2–5 €/kg6 Possible, needs a producer 

Tall oil rosin rosin (and 
further products from it)  1–10 €/kg Yes (several producers) 

Valonea tannin 2.90 €/kg Yes (e.g. via CDM Tannin) 

Sweet chestnut tannin 3.85 €/kg Yes (e.g. via CDM Tannin) 

1Source: chemical book (www.chemicalbook.com) 

2Peters D., Stojcheva V. (2017). “Crude tall oil low ILUC risk assessment, Comparing global supply and demand”, Ecofys-
report. 30 p. 
4Jokiaho J. (2010) ”Kuusen pihkan keruun menetelmät ja kannattavuus Ruhajoki Oy:lle.” Thesis. Forest Engineering. 
Seinäjoki University of Applied Sciences. p. 40. 
5Produced in the project of JAMK in years 2013–2018. 
6Estimated from the market prices. 

 

Production of antimicrobial substances depends on availability of raw materials and the mar-
kets, including existing and old production and collecting methods. Antimicrobial substances 
have different properties, which means that their effects on microbes can vary. It is likely that 
the active substances on a large scale will be mixtures of individual components obtained from 
selected materials. In other words, usability is dependent on many factors such as: 

 availability and price (€/kg, €/l) 

 intended application 

 composition of material 

 quality/purity of the antimicrobial substances 

 consumption of the material (mg/m2, ml/m2) 

 properties of the material on the surface, e.g. applicability, smell, adhesion, and so 
on. 

 

4.1.2 Extraction of betulin from birch bark 

Birch bark was pre-treated and extracted with different techniques and solvents at JAMK. The 
tests focused on finding out how the freshness of the raw materials and the methods of pre-
treatment and different extractions affect the composition of antimicrobial compounds and the 
response of microbes to the substances. Additional extractions of needles, their tests and 
composition analyses are in progress and the corresponding results will be included in the next 
report.  

Fresh young and old birch trees were cut down in Saarijärvi during the regeneration felling (in 
May 2019) and harvested to a heap of small logs near the cutting area. The next day the birch 
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bark was peeled out of the logs (Ø 10–30 cm) and transported to the laboratory. From a part 
of birch bark, the dark inner bark layer was separated from the white outer bark layer; part of 
the birch bark sample was retained as such. The separated white bark was air-dried and cut 
into pieces of suitable size or milled into particle size of below 1 mm for the extractions. A 
separate birch bark sample from the Oy Haka-Wood Ab sawmill was pre-treated in the same 
way as the fresh birch bark in the laboratories of JAMK.  

Birch bark was extracted in a simple way using refluxing technique. Only one extraction method 
was applied, using one pure solvent, ethanol (EtOH), and three different alcohol-alkali solu-
tions, ethanol + potassium hydroxide (EtOH + KOH), ethanol+ sodium hydroxide (EtOH + 
NaOH) and isopropyl alcohol + sodium hydroxide (IPA + NaOH). Analyses were based on 
literature (Rizikovs et al. 2014, Korpinen 2018, Havelek et al. 2016). The extraction ratio was 
selected 1:9:0,33 in the case of alkali and EtOH-extract with 1:9. Fig. 20 shows the exact 
extraction process of betulin in the alkaline solutions. Process of EtOH extraction was done in 
the same way. Practically, four different technical betulin powders were produced. (Fig. 21). A 
few betulin samples, EtOH and IPA + NaOH powders were purified from the impurities 
completely.  

 
Fig. 20. Extraction of betulin (B) in alkali solutions. 
 

 
Fig. 21. Isolated technical and pure betulin powders with different solvents. 
The betulin yields are shown in Fig. 20 and Table 4. It was observed that yield of betulin varies 
between 10–30% depending on extraction solvents and pre-treatment. Also, the colour of 
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betulin varied with different solvents. It is considered that impurity contents of betulin, which 
can also be visually seen, was increased when alkali was present in the extraction. Ethanol 
and isopropanol + sodium hydroxide solutions produced quite white technical betulin powder. 
In some cases, suberin was also precipitated out of the alkali solvents by changing the process 
after distillation. This way it is possible to increase value of extract. 

Table 4. Betulin yields from ethanol extraction of different fractions of birch bark. 

 

During the pretreatment process in relation of betulin yields were observed that the grinding of 
birch bark to below 1 mm particle size increase a little yield, but it is not the best way to handle 
the bark. It takes working time and spends energy compare to cutting pieces of birch bark. It 
is also worth removing the inner birch bark (dark) as it reduces the betulin yield and spends 
more the solvents. Only, the extraction of inner birch bark (dark) could not be produced any 
betulin. The yield of betulin was slightly lower in sawdust than in fresh birch bark. It also was 
observed, that brownish birch stem to reduce the betulin yield.  

Waste solvents can be recycled with distillation and other wastes can be taken to combustion, 
converted to a plant growth substrate, used for the raw materials as pots material or for 
fertilizers. The recovery of waste depends on the used solvent. 

4.1.3 Composition of the betulin extracts 

The composition of the above crude and purified betulin extracts were analysed by gas chro-
matography – mass spectrometry (GC-MS), after derivatisation of the samples by trimethyl-
silylation (Table 5). 

In each case, betulin was clearly the main compound. In the crude (unpurified) extracts without 
the use of any alkalis, its share was rather constant (c. 85–86%). The use of the alkalis 
increased the shares of suberin-derived hydroxy fatty acids and dicarboxylic acids, giving the 
lowest betulin share of 63,5% when EtOH/KOH system was used in the extraction. Both of the 
purified samples showed very high betulin contents, up to nearly 99%. The main impurity was 
betulinic acid which is very structurally very similar to betulin. 
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Table 5. Relative composition (%) of the betulin extracts, as determined by GC/MS after tri-
methylsilylation. 1 and 2, crude EtOH extracts; 3, crude EtOH + KOH extract; 4, purified EtOH 
extract; 5, crude EtOH extract (ball-milled bark sample); 6, crude IPA + NaOH extract; 7, 
purified IPA + NaOH extract. 
 

Compound 1 2 3 4 5 6 7 

Glycerol     4,5     0,4   

Monosaccharides 0,9 0,7     1     

Disaccharides 2,4 0,2           

18-Hydroxyoleic acid     3,5     0,5   

20-Hydroxyeicosanoic acid     1     0,5   

22-Hydroxydocosanoic acid     8,1     5,9 0,2 

9,10,18-Trihydroxystearic acid     2,4         

Octadecanedioic acid     9,2     1,2   

Other suberin acids     1,7         

Sesquiterpene   0,6     0,3     

Lupeol 4,9 5,2 4   6,9 6,5   

Betulinol 86,1 86,1 63,5 97,2 84,8 80,4 98,7 

Betulinic acid 3,6 4,4 2,1 2,8 5 2,5 1,1 

Unknown 2,1 2,8     2 2,1   

 

4.1.4 Composition of softwood resins 

A selection of aged and fresh softwood resin samples, listed in Table 2, were also analysed 
(after trimethylsilylation) by GC–MS for resin acids and other compounds (Table 6). For the 
composition, 31–33 main compounds were taken into account. If all the trace compounds were 
included, as many as 60–70 peaks could be detected in most of the samples. 

The main compounds in each sample included “normal” resin acids (from pimaric acid to 
neoabietic acid), a wide selection of oxidised hydroxyresin acids (mainly derivatives of 
dehydroabietic acid), and phenolic compounds. The latter group was composed of three 
cinnamic acid derivatives (4-hydroxycinnamic, ferulic, and caffeic acids) and lignans 
(secoisolariciresinol, lariciresinol and pinoresinol). Interestingly, the highest amounts of 4-
hydroxycinnamic acid and pinoresinol were found in the aged spruce resins. It is also 
interesting to note that even rather old resin samples can still contain moderate amounts of 
volatile turpentine compounds (monoterpenes) such as α-pinene. The main differences 
between the spruce and pine resin samples include the presence of ferulic and caffeic acids 
in the pine sample, and the lack of any 4-hydroxycinnamic acid. All the compounds present in 
the analysed resin materials are known to possess different antimicrobial properties; in many 
cases such properties have been shown to be very strong. 
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Table 6. Relative composition (%) of aged and fresh spruce and pine resins. 1, spruce resin, 
collected in Eastern Finland in March 2016; 2, spruce resin from Repolar, collected in western 
Lapland in September 2013; 3, spruce resin collected in Eastern Finland in March 2016; 4, 
spruce resin collected in Räyrinki 11th June 2019; and 5, pine resin collected in Räyrinki 11th 
June 2019. 

 
Note, Resins 1 and 3 were both collected in 2016. These raw resins also contain bark and other forest-based 
materials. Powdering of resins 1 and 3 was performed at different times: in March 2016 and 2019. Resins 2, 4 and 
5 contained only resin gum from the surface of coniferous trees. 

Utilizing camera technology for resin recognition 

The first pre-testing of resin recognition is started in WP4. The purpose of resin detection is to 
find a system for automatically collecting resin as a by-product of the wood industry. Resin 
recognition started with Senop HSC-2 hyperspectral camera, UV and halogen light sources. 
(Fig. 22). 
 

Resin compound(s) 1 2 3 4 5
α-Pinene 2 0,9 7,5 3 2,3

Other monoterpenes 0,3 1,1 0,6 2,5 2,7

Sesquiterpenes 0,4 0,3

Neutral diterpenes 2,6 4,6 2 6,1

Pimaric acid 1,5 7,4

Sandaracopimaric acid 0,9 1,3 1 3,5 1,1

Isopimaric acid 3,9 6,3 3,7 8,3 3,9

Palustric acid 2,9 0,4 9,2 5,3

Levopimaric acid 1,8 9,7 6,5

Dehydroabietic acid 19,5 18,2 17,8 15,5 18,8

Abietic acid 0,6 3,6 0,6 7,3 7,3

Neoabietic acid 1,5 6 7,1

7-α-Hydroxydehydroabietic acid 4,9 4,2 4 3,8 2

7-β-Hydroxydehydroabietic acid 1,9 1,6 1,6 1,3 1,6

12-Hydroxydehydroabietic acid 1,3 1,3 1,2 0,9 0,9

15-Hydroxydehydroabietic acid 7,3 6,2 6,9 4,8 5,9

15-Hydroxyabietic acid 1,2 2,5 2,1

7,15-Dihydroxydehydroabietic acids (2) 3,2 2,1 2,4 1,2 2,8

7-Oxodehydroabietic acid 2,8 2,5 2,8 1,8 2,4

15-Hydroxy-7-oxodehydroabietic acid 0,9 0,6 1,2 2

Other resin acids 2,1 3,7 1,5 2,1 4,9

Vanillin 1,1 1,7

4-Hydroxycinnamic acid 18 13,7 14,8 3

Ferulic acid 2

Caffeic acid 3,5

Secoisolariciresinol 1 0,7 1

Lariciresinol 3,5 2,1 3,5 1

Pinoresinol 17,6 15,7 17,1 2 1,6

Other lignans 2 3,6

Other compounds (including unknowns) 4,2 2,2 4,4 1 4,3
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Fig. 22. Senop HSC-2 hyperspectral camera (A), UV light (B) and resin fluorescent effect (C). 
 
The camera is configured with Senop HIS-2 software (Fig. 23). The camera takes data cube 
and that can be opened with HIS-2 tool. In data visualization tab it is possible to look at each 
pixels spectra but HIS-2 tool does not have any kind of data analysis functions. That’s why 
data needs analysis with separate software which is still being developed. 
 

 
 

Fig. 23. Senop HIS-2 configuration tool. 
 

4.2 Future plans 

The next step focuses on producing more antimicrobial substances that have had the good 
responses in the pre-tests performed. In the same time methods of manufacturing extracts and 
pre-treating will be developed. Collaboration with companies and wood processing industries 
will be done. The camera technology tests for recognition of resin from the surface of stem and 
analysis of measured data will be also continue. Further study from technical and economical 
point of view will be continued to review with selected antimicrobial substances. 

A 

C 

B 
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The process chains of raw materials, antimicrobial components and replaced materials of 
plastic need pre-tests, even when the process parameters will be changed (Fig. 24). On the 
other hand, other process will start to spin in the background anyway. The process is extensive 
and influenced by many factors. Basically, every antimicrobial components must be evaluated 
case by case. It also needs to be taken into account that the legislations significantly regulate 
the utilizing of components in the products and hospital. 

 
Fig. 24. The technical and economical process chains (raw material, antimicrobial 
substances, plastic substitute materials) in WP4. While a wheel spins, the next ones also 
spin. The best solutions (IN) continue in the process and some will leave out (OUT). 

5. WP5: Demonstrators 

Currently there are numerous products made of fossil-based plastics in hospitals that could be 
replaced with bio-based ones originating e.g. from Finnish forests. The antimicrobial com-
pounds used are typically silver-based. The work done in WP2 has shown the potential for 
antimicrobially potential compounds found in wood-based compounds.  

The target of WP5 is to demonstrate the most potential, techno-economically and regulatory 
feasible solutions in living lab hospital environment. These solutions include both materials 
replacing fossil-based plastics and antimicrobial surfaces.  

In the beginning of the project KSSHP and VTT defined various applications where materials 
containing or made of fossil-based plastics could be replaced with bio-based ones. These have 
been further discussed with project’s industrial partners and potential products fitting the 
companies’ production technologies and interest have been identified. 
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5.1 Main achievements 

5.1.1 Basic property testing  

Target of this study was to make a preliminary comparison between the materials used in 
hospitals and materials of two partner companies. Selected materials were Paptic’s cellulose-
based nonwovens and Woodly’s cellulose-based films (Table 7). Their basic properties are 
provided in Table 8. 

Table 7. List of the selected raw materials. 

 Materials used in   
 hospitals  

 Materials of  
 companies  

 Refuse sack   Woodly 46*  
 Garment bag   Woodly 307*  
 Garbage bag   Paptic 43*  
 Bib   Paptic 68*  
 Draw-sheet   Paptic 118*  
 Drop curtain    
 Disposable apron    
*Numbers represent the grammage of material. 
 

Table 8. Basic properties of the materials. 

Materials used 
in hospitals  

Grammage 
g/m2 

Thickness 
µm 

Density 
kg/m3 

Refuse sack 49,8 139,3 359 
Garment bag 33,5 26,7 1257 
Garbage bag 8,6 6,3 1405 
Bib 31,7 153,0 208 
Draw-sheet 35,4 224,7 158 
Drop curtain 106,3 577,5 184 
Disposable apron 17,0 23,4 728 
Woodly 46 46,0 47,0 992 
Woodly 307 306,6 265,0 1157 
Paptic 43 42,7 71,2 600 
Paptic 68 68,3 155,0 441 
Paptic 118 117,6 207,2 568 

 
The strength (tensile index) of drop curtain is the highest in materials used in hospitals (Fig. 
25). That strength level is achieved with Woodly’s and Paptic’s highest grammage materials. 
The strength of Woodly’s highest grammage material is approximately five times higher than 
second best materials. The strength level of other materials used in hospitals is achieved with 
all materials supplied by companies. The strain of Paptic’s material is very low compared to 
other materials used in hospitals than draw-sheet (Fig. 26). The strain level of drop curtain is 
achieved with Woodly’s lightest material and exceed with Woodly’s heaviest material. The 
required strain level of other materials used in hospitals is much higher than materials supplied 
by companies.  
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Fig. 25. Tensile index of materials. 

 
Fig. 26. Strains of the materials. 

Geometric mean strength and strain values were calculated by equation: 

𝑆 =  𝑆  𝑥 𝑆       (MD, machine direction; CD, cross-direction) 

5.1.2 Wood Polymer Composites 

The wood polymer composites (WPCs) can be either partly or totally bio-based. VTT manu-
factured and tested several WPCs consisting of wood fibres compounded in traditional and 
bio-based plastics. Wood fibres used in the first stage were chemi-thermomechanical pulp 
(CTMP). Traditional polymers chosen were polyethylene (PE) and polypropylene (PP) and bio-
based polymers were polylactic acid (PLA) and bio-based PE (Green PE) from Braskem. Case 
specific compatibilisers (MAH, maleic anhydride) were used with polyolefins (PE, PP). One 
possible application sector identified was suction bag covers or their couplings.  
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Compounding of materials were done with Twin-screw extruder (Bioberstorff 25 x 33D and 
injection moulding of universal test samples, ”dog-bones” (Fig. 27) with Engel ES 200/50 HL 
with ø 25 mm screw. Their tensile strengths are presented in Fig. 28. 

 
Fig. 27. Injection moulded wood polymer composites. 
 

 
Fig. 28. Strengths of injection moulded wood polymer composites with traditional and bio-
based plastics. 

As a conclusion for WPC work done it could be seen that compounding of CTMP-fibres in 
various plastic matrices could be done successfully and CTMP fibre additives increased 
linearly the tensile strengths of both traditional and bio-based polymers. 
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5.1.3 Antimicrobial melt compounded and injection moulded samples 

In order to add wood-derived antimicrobiality to wood-based plastic a series of compoundings 
followed by injection moulding of planar samples for antimicrobiality tests was done. 
Compounding of tannin (TanFloc SG) and untreated gum resin (käsittelemätön pihka) was 
done in Woodly 101 wood-based ”plastic” with 15 cc DSM Xpore Microcompounder (Fig. 29). 
Injection moulding of planar 25  25 mm slabs for antimicrobiality tests was followed by Thermo 
Haake Minijet injection moulding machine. 

 
Fig. 29. Microcompounder, mould and injection moulded bio-based test specimens with bio-
based antimicrobials. 

5.1.4 Hygienic surface demonstrators from Millidyne 

Millidyne’s Avalon coatings are tested in KSSHP test environment. Avalon thin, dirt repellent 
and easy-to-clean hygienic coatings are combining organic and inorganic chemistry at a 
molecular level (“nano-lacquers”).  

Several case-specific Avalon coatings were applied on various substrate materials on different 
positions. Positions include department of hematology, internal medicine clinic, surgery clinic 
and rehabilitation department. Coated surfaces include work/patient desks, furniture, floors, 
cubicle curtains, faucets of sinks, computer keyboards, undersides of hand paper holders and 
railings of beds. These coatings were done in August 2019 and the tests are on-going until 
January 2020. The examination of coated surfaces is done by KSSHP with ATP-luminometry, 
RLU-limits and INSTA 800 quality system. The tests are specifically described in the KSSHP 
report. 

5.1.5 Patients’ item bag from Paptic 

Wood-based, non-woven item bag replacing currently used bags made of traditional plastic 
was chosen for Paptic’s demonstrator for replacing fossil-based plastics in hospital environ-
ment. The bag’s will be in use at KSSHP by the launch of new Nova hospital visual expression. 

5.1.6  Take-away coffee cups from Walki 

Currently the take-away coffee cups still typically have a barrier layer made of fossil-based 
plastic even though the substrate would be cardboard. In order to replace fossil-based plastics 
in hospital environment Walki manufactured cardboard coffee cups with bio-based barrier 
layer. These demonstrators will be available at KSSHP by the launch of new Nova hospital 
visual expression. 
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5.1.7 Hospital textile 3-partite demonstrator 

Currently notable percentage of hospital textiles, shielding and packaging materials are still 
based on fossil-based plastics.   

In co-operation between Walki, Woodly and Paptic new 2-layer structures were developed and 
manufactured. Paptic’s wood-fibre base structure was extrusion-coated with Woodly’s wood-
based polymer by Walki’s roll-to-roll extrusion coating line.  

The target of these materials is mainly the substitution of conventional plastics in hospital 
textiles.  

First round of 3-partite demonstrator was evaluated by KSSHP, JAMK and VTT and the most 
potential application positions were specified. Also further material development was proposed 
for companies in order to expand the application field of the material. 

5.2 Future plans 

Future plans of WP5 include: 

 Survey of exploitation of wood-based antimicrobial compounds in cleaning  agents and 
possible demonstrator thereof.  

 Work on 3-partite demonstrators is to be continued with further modification of the wood-
based hospital textile structure.  

 Demonstrators of cubicle curtains with wood-based antimicrobial compounds. 

 Wood-based take-away salad bowls. 

6. WP6: Hospital Regulation 

6.1 Hospital Regulation Survey, phase 1 

The Sami&Samu project develops wood-based biobased and antimicrobial ingredients with 
the objective of replacing the plastics used in a hospital setting and reducing multi-resistant 
microbial strains. Hospital work, both patient treatment and the services supporting it, are 
regulated by several acts, decrees and other instructions. When the project proceeds, the 
regulations overview will be expanded to also cover selected development and test products. 
The text below concerning regulations seeks to summarise the applicable acts, decrees and 
hospital instructions.  

Hospital hygiene and infection control are always primarily based on the mastery of the basic 
principles of infection control (universal precautions) in all patient work. Proper hand hygiene 
and the use of personal protective equipment, proper working methods, the careful handling 
of needles and sharp objects, and coughing and sneezing etiquette are the most important 
means of preventing healthcare-associated infections and the spreading of microbes. The 
regular cleaning of the patient’s treatment environment and the servicing of examination 
devices (cleaning, disinfection, sterilisation) are a principal part of universal precautions.  

The Act on Specialised Medical Care stipulates that each municipality shall see to it that a 
person receives the necessary specialised medical care as provided in the Health Care Act. If 
defects endangering patient safety or other drawbacks are observed in the organisation or 
provision of specialised medical care or if the operations are otherwise contrary to the Act on 
Specialised Medical Care or the Health Care Act, the National Supervisory Authority for 
Welfare and Health or the relevant regional state administrative agency are authorised to issue 
orders to remedy the defects or to eliminate the drawbacks. If patient safety so requires, the 
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operations can be ordered to be suspended immediately or the use of the unit, a part thereof 
or a device can be prohibited. 

Furthermore, the Act on the Status and Rights of Patients stipulates that a patient is entitled to 
good healthcare and medical care and related treatment and to health and medical care 
required by his state of health within the resources available to healthcare at the time in 
question. 

The Communicable Diseases Act 1227/2016 obliges healthcare and social welfare units to 
systematically combat healthcare-associated infections, to implement surveillance for exten-
sively drug-resistant microbes and to ensure infection control and the control of harmful effects 
caused by them to people and the society in conjunction with the measures for promoting 
patient safety. Hospital districts are responsible for ensuring that the control of healthcare-
associated infections is developed in the social welfare and healthcare units in their area. The 
act applies to employees, public officials, persons in public service employment, persons in 
comparable service relation subject to public law, as well as to jobseekers. The act also defines 
certain concepts that are the subject matter of the regulations overview.  

A healthcare-associated infection is an infection that has originated during the examination or 
treatment carried out in social welfare or healthcare services. Furthermore, in the control of 
communicable diseases and in the international cooperation related to it, the following must 
also be complied with: 

 The International Health Regulations of the World Health Organisation (2005) (SopS 
51/2007) 

 The decisions and regulations of the European Union concerning communicable 
diseases 

 Any other international treaties binding to Finland 

The WHO has published (2015) a Global action plan on antimicrobial resistance and requires 
control measures from its member countries as well.  Finland’s national action plan for 2017–
2021 is consistent with those of the WHO and the European Union, with due consideration 
given to the most important measures, objectives and responsibilities of each sector. The 
action plan emphasises preventive actions, socio-political responsibility and cross-administra-
tive cooperation between different sectors of the society.  

The purpose of the Medical Devices Act (629/2010) is to maintain and improve the safety of 
medical devices and supplies and their use. It pertains to devices and supplies intended by the 
manufacturer to be used, among other things, in the diagnosis, prevention, monitoring or 
treatment of a disease or illness. 

Valvira, the central agency of the administrative branch of the Ministry of Social Affairs and 
Health, supervises the actions of healthcare units and professional, as well as the conformity 
and safe use of medical devices and supplies.  

The Finnish Standards Association SFS prepares standards in collaboration with organisations 
of different fields and publishes them as SFS standards. In addition to standards concerning 
medicine and medical facilities, the subject area of healthcare includes standards pertaining 
to medical devices, sterilisation and hospital equipment and supplies, among other things. 

Healthcare is regulated by a number of directives in which the essential requirements 
concerning health and safety are defined. Standards are used for ensuring patient safety and 
reducing product development risks. Medical devices are products that are used for treating a 
patient or are in contact with a patient. The requirements concern, among other things, instru-
ments, equipment, devices, software, materials and preparations used for disinfecting a 
medical device. With the CE marking, the manufacturer verifies that the device meets the 
essential requirements applicable to it. Valvira is responsible for supervision. 
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Acts, standards or other regulations do not require or define the collection of surface hygiene 
samples in a hospital setting, except for pharmacy cleanrooms. Surface hygiene samples can 
be used, among other things, for monitoring the cleanliness of hospital facilities by measuring 
the amount of organic dirt after cleaning. Microbiological culture samples are used for detecting 
the presence of certain bacteria in predetermined locations for research purposes, for 
example, or in epidemic situations.   

6.1.1 Hospital cleaning 

Many pathogens and multi-resistant microbes can be present in a hospital setting. For 
example, light switches, door handles, faucets, sinks, touch screens, patient tables, bed edges, 
curtain controls, screens and curtains and patient or examination room surfaces are typically 
places that are frequently touched and require special attention when they are cleaned. 

The Central Finland Central Hospital complies with the Quality objectives and cleaning 
programmes for healthcare cleaning services quality process prepared and maintained by the 
Hospital Hygiene and Infection Control Unit of the Central Finland Central Hospital (Annex 1). 
The quality assessment of the cleanliness level is an important part of quality management. In 
addition to visual evaluation, this is carried out by means of the ATP measurement method to 
determine the presence of organic dirt.  

The patient or client must receive good treatment and care according to the requirements of 
their treatment and care setting irrespective of the place of treatment. The objective of 
sanitation is a clean, well-functioning and safe environment where the treatment and facility 
types (such as operating room, inpatient ward, medical supplies storerooms, archive, utility 
rooms) determine the cleanliness level (hospital-hygienic, hospital-clean, functional, as per 
need) and cleaning programme that are to be complied with at any given time. A sufficient 
cleanliness level is achieved by using the correct cleaning methods and cleaning agents, 
sufficient cleaning frequencies, by complying with an aseptic working order, and by focusing 
on the cleaning of contact surfaces (annex 1). 

The purpose of hospital cleaning is to maintain cleanliness, to remove dirt and dust from the 
facilities, to maintain surfaces, to reduce the microbial content of the environment, and to 
prevent the growth of microbes. The cleanliness of contact and horizontal surfaces is parti-
cularly important, because microbes are transmitted from contact and horizontal surfaces to 
hands, and from hands, further on to the patients. From the cleanliness point of view, the 
regular cleaning of the surfaces is more important than the use of disinfecting cleaning agents. 
The cleaning agents used in hospital cleaning are generally neutral or weakly alkaline, that is, 
basically similar to those used in other types of cleaning. The significance of cleaning and 
disinfectants increases with the emergence of multi-resistant microbes and widespread 
epidemics.  

The aim of the Sami&Samu project is to explore the potential for developing an all-purpose 
cleaning agent for hospital cleaning with a wood-based biocidal all-purpose cleaning agent as 
one of its active substances. In the development of the agent and the related regulation, 
developers, researchers and testers play an important role in ensuring that all the regulatory 
aspects of the agent are duly considered. Regulations are found relating to aspects, such as 
the packaging of the agent, its registration, biocides, ingredients and volatile compounds. 

The national Chemicals Act 599/2013 sets out provisions for the implementation of EU 
chemicals legislation and national obligations concerning certain chemicals. The act is also 
applied to biocidal products, the efficacy of which is based on a micro-organism. 
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Cleaning agents are subject to the general European chemicals legislation:  

 The Detergent Regulation 684/2004 sets out provisions for the labelling of detergents 
intended for consumers and the biodegradability of the tensides contained in 
detergents.  

 REACH Regulation: provisions on the registration, evaluation and authorisation of a 
substance 

 CLP Regulation: classification, labelling and packaging of chemicals. 

6.1.2 Biocidal products 

Biocidal products are used for controlling harmful organisms that include any organism that is 
harmful to human/animal health or materials (virus, bacteria, mould, fly, cockroach, mouse, 
rat). Biocidal products are chemically or microbiologically active, so as a rule they are always 
toxic to a certain group of organisms. The sale and use of biocidal products is governed by the 
Biocidal Products Regulation (EU) No 528/2012 (Mattila 2019).  

A biocidal product is a substance or mixture in the form in which it is supplied to the user. 
Biocides are classified into four main categories. These product groups exclude cleaning 
agents that are not intended to have a biocidal effect. Product-type 2 (PT2) of Main Group 1 
Disinfectants includes, but is not limited to, products used for the disinfection of surfaces, 
materials, equipment and furniture and products used to be incorporated in textiles and paints. 
The Finnish Safety and Chemicals Agency TUKES is responsible for supervision.  

6.1.3 Curtains 

Patient bed curtains do not meet the definition of the aforementioned Medical Devices Act 
629/2010 (intended to be used, among other things, in the diagnosis, prevention, monitoring 
or treatment of a disease or illness) or the definition of a medical device. Curtains are part of 
the patient’s treatment setting and manufactured of materials such as fabric or polypropylene 
fabric. No CE marking would thus be required for the curtain material. However, owing to the 
addition of an antibacterial characteristic, it will most likely require approval of the active 
substance pursuant to the Biocidal Products Regulation 528/2012. 

The purpose of one of the project objectives, antimicrobial hospital curtains, is to prevent the 
spreading of infections so that pathogens will not migrate from the curtain to the patient or the 
personnel. The curtain change interval is defined by the manufacturer of the product. The 
curtain change interval currently in use is one year or as needed if splashes are present in the 
curtain. The antimicrobial curtains that are currently in hospital use have been treated with 
silver-ion technology and manufactured from recyclable material (100g/m2 polypropylene). 
They can be disposed of with hospital waste. In the Sami&Samu project, curtains will be treated 
with a wood-based antimicrobial substance that is expected to improve infection control. The 
finished product must satisfy at least the following requirements: 

 Fire safety standards   

 Biocidal products approval process 

 Volatile organic compounds (VOC) regulations 

 Stability and non-reactivity of the antimicrobial ingredient with other potential 
substances 

 Liquid-repellent curtain surface 

As regards fire safety, the operator’s own responsibility, risk management and independent 
preparedness are of special importance. Attention will be paid to the selection of products in 
accordance with the Rescue Act and Decree. The product’s fire safety characteristics are 
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evaluated in terms of the flammability of the material, flame propagation speed in the material, 
the release of heat, and the release of smoke and gases. The main emphasis in the evaluation 
of fire safety is in the flammability, which will be evaluated with fire test methods (for example, 
a cigarette or small gas flame), whereby the measurement result may be more modest than, 
for example, in deliberately started fires. The flammability class, on the other hand, will be 
selected based on the use of, and conditions in, the room or space concerned, the condition 
of those occupying the facilities, monitoring, and the possibilities for escape. Deliberate ignition 
and careless fire handling shall also be taken into account. The flammability class shall also 
be indicated in the accompanying test report or opinion of the laboratory or research institute 
or in the product data sheet (Sisusteiden paloturvallisuus, RT 08-11098, 2012).  

Volatile organic compounds (VOCs) are gases such as aromatic hydrocarbons (toluene, 
benzene), aldehydes, halogenated compounds and esters and alcohols (ethanol, n-butanol, 
propanol). There are hundreds of VOCs, and a single compound may already be harmful, but 
the combination of several compounds is suspected to be harmful to health, causing, among 
other things, eye irritations, mucosal irritation symptoms and headaches. The sources of VOC 
emissions include, in particular, construction and interior materials (including solvent and raw 
material residues and reaction and decomposition products of manufacturing processes), 
detergents and, in some cases, microbial growths. The VOC content of indoor air can be 
affected by, among other things, fragrances and cleaning agents (Hengitysliitto 2019, Rundt 
et al. 2005). 

Action limits for VOCs calculated with toluene response: 

 Action limit for total concentration in indoor air at 400 µg/m3 

 Action limit for a single volatile organic compound in indoor air 50 µg/m3 

Additionally, separate action limits have been set out for certain compounds: 

 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate (TXIB) 10 µg/m3  

 2-Ethyl-1-hexanol (2EH) 10 µg/m3  

 Naphthalene, no odour, 10 µg/m3  

 Styrene 40 µg/m3 

6.1.4 Flooring material 

In the Sami&Samu project, a flooring material will be tested that is intended to improve the 
cleanability of the floor. Regarding flooring regulation, the EN 1345 standard, among other 
things, should be considered, as this standard requires that the floor be provided with a long-
lasting anti-slip surface that lasts for its entire service life. The standard defines the 
requirements by which the endurance of the anti-slip surface is ensured for different utilisation 
rates. The Finnish Institute of Occupational Health has also provided a five-step scale to 
classify floor slipperiness, where class 1 = very anti-slippery (friction coefficient ≥ 0.30) and 
class 5 = very slippery (friction coefficient < 0.05).  

6.1.5 Disposable tableware and paper bag 

The aim of the Sami&Samu is to investigate the opportunities for replacing disposable cups 
and salad bowls used in hospital cafeterias and restaurants with bio-based (wood-based) 
disposable cups and bowls. Regarding regulation, the hospital has no specific requirements 
for these products. It should be noted that bio-based containers are in compliance with the 
Environmental Strategy of the Central Finland Health Care District, i.e. they take into account 
the environment and the product life cycle. Furthermore, a ‘Responsibility and Environment 
Supplement’ shared by hospital districts (catchment area) will be issued in December 2019, 
and any guidelines given in it must be considered. 
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The finished disposable container is expected to meet all the applicable EU food compatibility 
standards. Disposable containers should receive the Nordic Swan label, which guarantees that 
the disposable container is one of the most environmentally friendly products in its product 
group and meets the applicable requirements concerning the environment and health 
properties, in addition to which the material must be mostly composed of renewable raw 
materials. 

In the Sami&Samu project, a bio-based bag, instead of a plastic one, for the patient's clothes 
and personal belongings will be tested. The bag is intended to replace the plastic bag. As 
regards the regulation, in a hospital setting, a biodegradable bag must meet the requirements 
imposed by the environmental strategy and programme, but, otherwise, there is no need for 
any regulations overview. However, it remains to be clarified whether the biodegradable bag 
will be recyclable and how. 

6.1.6 Suction device connector 

As regards hospital supplies, a plastic connector will be developed for the suction bag to 
connect the patient suction tube to the patient socket on the cover. This biobased plastic 
product is intended to replace the old connector. Research and development work is still at an 
early stage, and the applicable regulations will be clarified as the project advances. 

6.2 Future plans  

With regard to materials and bioactive components, the second phase of the project will 
continue to:  

1. Clarify the guidelines, recommendations and regulations governing hospital textiles. After 
general guidelines, the clarification will focus, as one object of investigation, on the curtains 
used in patient, examination and monitoring rooms.  

2. Determine the suitability of biobased materials and/or antimicrobial wood ingredients for 
hospital textiles. This investigation will focus, for example, on the opportunities for using bio-
based materials in curtains. 

3. Determine the suitability of bio-based components for the surface treatments and surface 
materials used in hospitals. 

Additionally, the Sami&Samu project will demonstrate, under test conditions, the suitability of 
antimicrobial wood ingredients for a hospital setting in surface treatments, surface and coating 
materials and, for example, in all-purpose cleaning agents. The demonstrations will provide 
benchmarking data on the competitiveness and performance of the new solutions alongside 
traditional solutions.  

As part of the evaluation of the new material solutions, their potential for reducing the environ-
mental load of the material production and usage processes by using bio-based renewable or 
biodegradable materials and/or recyclable materials will be investigated. 
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7. Summary and conclusions 

During the first phase of the Sami&Samu project, progress took place in all the main planned 
areas, i.e., availability of antimicrobial wood-based substances and their potential use in the 
hospital materials, introduction of wood- or fibre-based materials to substitute fossil-based 
materials in products used in the hospitals, development or testing of relevant monitoring or 
analysis methods, and familiarisation with various legislation-related issues that regulate the 
introduction of new materials or products for the use in the hospitals. 

The questions on the antimicrobial substances were approached by extensive literature 
searches on such compounds in Nordic trees (substantiated by a separate compilation of 
applied antimicrobiality test methods), by analysis of selected available bioactive raw materials 
(such as resins, tannins and tall oils) or new extracts (from bark) for their composition and 
antibacterial properties, by studies on coating basic curtain material with selected antibacterial 
substances, and by preliminary techno-economic analyses. Most of these studies will continue 
in the second phase, aiming at deeper information on additional forest-based raw materials 
(such as extracts from softwood needles) and final preparation of a set of novel bio-coated 
disposable curtain pieces for a long-term pilot use in the hospital. 

The questions on the potential substitution of fibre-based raw materials for the fossil-based 
raw materials were approached by simultaneous identification of the potential hospital needs 
and evaluation of expertise and product portfolios of the industrial project partners, in order to 
find suitable matches. This way, a good number of well-matching study cases could be found 
and selected pre-tests conducted, on the way to more pronounced pilot or demonstration 
studies in the hospital environment during the second phase.  

The above studies have strongly benefitted from the development or comparison of different 
test and analysis methods which will also be used in the second phase. These include 
comparison of methods for the evaluation of antibacterial efficacy of the applied chemicals or 
chemical fractions (mixtures) and the corresponding coatings; on the basis of this evaluation 
work, methods suitable for the current needs could be finalised. In the context of antibacterial 
substances (especially softwood resin), the use of camera technologies for their detection in 
wood was initiated and planned to continue in the second phase, too. Similar monitoring 
technologies were also shown to be useful in another area, detection of purity levels in different 
hospital areas. After getting promising results in the first phase, there will be stronger focus in 
the second phase to apply the technology in the hospital area, including its application in the 
above-mentioned study on the new antimicrobial curtain materials. 

The planned demonstration studies in the hospital environment could not be realised without 
proper familiarisation with the relevant regulations and many other aspects that are charac-
teristic of such working conditions. Therefore, many key regulations have already been found 
out, thoroughly studied and taken into account when planning the use of different products 
outlined in Chapter 5. As a whole, this is a demanding area covered by a number of different 
guidelines, recommendations and regulations requiring a lot of continuing attention in the 
second phase. 
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ANNEX 1. Cleanliness levels used in the Central Finland Health Care District for different 
treatment and facility types (operating room, inpatient ward, medical supplies storerooms, 
archive, utility rooms).  
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ANNEX 1. Cleanliness levels used in the Central Finland Health Care District for different treatment and facility types (operating room, inpatient ward, 
medical supplies storerooms, archive, utility rooms).  

 QUALITY OBJECTIVES AND CLEANING PROGRAMMES FOR HEALTHCARE CLEANING SERVICES    
Created and 
maintained by 

Hospital Hygiene and Infection Control Unit, Central Finland Central 
Hospital    

Created in March 
2017 

To be reviewed at least once a year 
and revised as necessary     

Reviewed 10.12.2018     

OBJECTIVE 
The patient/client must receive equally good treatment and care according to the requirements of their treatment and care setting, irrespective of the place of treatment.  The objective 

of sanitation is a clean, well-functioning and safe environment.  The treatment needed by the patient/client and the facility types determine the cleanliness level and cleaning 
programme that are to be complied with at any given time.  

  

Group I:  
Facilities requiring the highest level 

of cleanliness, as the patient or 
client is exposed to a risk of getting 

an infection as a result of a 
procedure, for example  

Group II: 
Risk of the patient or client for 
getting an infection or a risk of 

spreading of infections  

Group III: 
The facilities are not directly connected to a patient or client  

Cleanliness level 
HOSPITAL-HYGIENIC (quality level 

5) HOSPITAL-CLEAN (quality level 4) 
FUNCTIONAL (quality 

level 3) AS PER NEED (quality level 2) AS PER NEED (quality level 1) 

  

An extremely high level of 
cleanliness is required in the 

facilities.  

A high level of cleanliness is 
required in the facilities. 

A good level of 
cleanliness is required 

in the facilities. 

The removal of visible dirt is 
mainly required in the facilities.  

  

Availability Daily/in operating days Daily/in operating days Weekly Monthly Yearly 
Means A sufficient cleanliness level is mainly achieved by using the correct cleaning methods and cleaning agents, and sufficient cleaning frequencies. In the cleaning, it is important to comply 

with an aseptic working order and focus on the cleaning of contact surfaces so as to reduce the number of microbes present on the surfaces and also prevent the microbial 
contamination of hands. In-house control is carried out in predefined locations. In these facilities, the cleanliness of the patient’s immediate environment will be monitored. 

Facilities Facility types: Facility types: Facility types: Facility types: Facility types: 
Treatment 
procedure 
facilities and  
comparable 
facilities 
 
 
 
 

Operating rooms, maternity rooms 
and comparable treatment 
procedure facilities, e.g. 
angiography rooms, cardiac unit and 
imaging hybrid procedure room, 
intensive and high dependency care 
rooms, newborn care rooms, dialysis 
treatment rooms, outpatient clinic 
treatment procedure facilities 

Inpatient wards, day hospital, 
outpatient clinic appointment 
rooms 
 
 
 
 
 
 

Storerooms for linen 
and medical supplies in 
treatment units  
Staff offices and toilet 
facilities 
Staff dressing room 
and sanitary facilities 
Meeting and training 
facilities 

Utility areas 
Storerooms 
Archives 
Other facilities where monthly 
cleaning is sufficient, needs 
separately defined 

Storerooms 
Utility areas 
Other facilities where yearly cleaning is sufficient, 
needs separately defined 
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Facilities of 
healthcare service 
units 

 
Breast milk centre 
Instrument supply packing room and 
storerooms for sterilised 
instruments 
Pharmacy cleanrooms 

Laboratory, imaging, pathology 
department and autopsy rooms, 
other equipment supply rooms, 
kitchens, lobbies, waiting rooms, 
toilets and walkways that are in 
frequent use  

Utility areas, saunas, 
storerooms and 
corridor stapes, 
lobbies, stairs and 
elevators, archives; 
other facilities where 
weekly cleaning is 
sufficient: e.g. therapy 
rooms, examination 
rooms 

Quality control 
Cleanliness level measurement 

system: 
Cleanliness level measurement 

system: 
Cleanliness level 

measurement system: 
Cleanliness level measurement 

system: 
Cleanliness level measurement system: 

  

Quality assessment and control is 
carried out by means of a system-
based quality measurement system 
for hospitals approved by the 
Central Finland Health Care District. 
Quality measurement and 
assessment is carried out visually 
and by using a variety of measuring 
instruments in predefined locations. 
In special situations (e.g. epidemics), 
microbiological bacterial culture 
samples as instructed by the 
Hospital Hygiene Unit. 

Quality assessment and control is 
carried out by means of a system-
based quality measurement 
system for hospitals approved by 
the Central Finland Health Care 
District. Quality measurement and 
assessment is carried out visually 
and by using a variety of 
measuring instruments in 
predefined locations. 
In special situations (e.g. 
epidemics), microbiological 
bacterial culture samples as 
instructed by the Hospital Hygiene 
Unit. 

Quality assessment 
and control is carried 
out by means of a 
system-based quality 
measurement system 
for hospitals approved 
by the Central Finland 
Health Care District. 
Quality measurement 
and assessment is 
carried out visually and 
by using a variety of 
measuring instruments 
in predefined 
locations. 

Quality assessment and control 
is carried out by means of a 
system-based quality 
measurement system for 
hospitals approved by the 
Central Finland Health Care 
District. Quality measurement 
and assessment is carried out 
visually and by using a variety of 
measuring instruments in 
predefined locations. 

Quality assessment and control is carried out by 
means of a system-based quality measurement 
system for hospitals approved by the Central 
Finland Health Care District. Quality measurement 
and assessment is carried out visually and by 
using a variety of measuring instruments in 
predefined locations. 

Impact on 
operations 

Changes in operations: Changes in operations: Changes in operations: Changes in operations: Changes in operations: 

Special situations  
(e.g. clusters, 
epidemics) 

Stepping up of cleaning efforts and 
the use of a disinfectant as 
instructed by the Hospital Hygiene 
Unit. Immediate response required. 

Stepping up of cleaning efforts 
and the use of a disinfectant as 
instructed by the Hospital Hygiene 
Unit. Immediate response 
required. 

Stepping up of cleaning 
efforts and the use of a 
disinfectant as 
instructed by the 
Hospital Hygiene Unit. 
Immediate response 
required. 

Stepping up of cleaning efforts 
and the use of a disinfectant as 
instructed by the Hospital 
Hygiene Unit. Immediate 
response required. 

Stepping up of cleaning efforts and the use of a 
disinfectant as instructed by the Hospital Hygiene 
Unit. Immediate response required. 
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High risk of 
spreading of a 
communicable 
disease/microbe 
or a special threat 
to patients and/or 
staff 

Hospital Hygiene Unit’s instructions 
on the protection of workers, 
cleaning and the disinfectants to be 
used. 
Immediate response required. 

Hospital Hygiene Unit’s 
instructions on the protection of 
workers, cleaning and the 
disinfectants to be used. 
Immediate response required. 

    

  

Change in client’s 
actions  
or facilities 

Accommodated in the cleaning 
programme as soon as information 
thereof is received. 

Accommodated in the cleaning 
programme as soon as 
information thereof is received. 

Accommodated in the 
cleaning programme as 
soon as information 
thereof is received. 

Accommodated in the cleaning 
programme as soon as 
information thereof is received. 

Accommodated in the cleaning programme as 
soon as information thereof is received. 

Cleaning 
programme Maintenance and periodic cleaning  

Maintenance and periodic 
cleaning  

Maintenance and 
periodic cleaning  

Maintenance and periodic 
cleaning  Maintenance and periodic cleaning  

  

Unit-specific work instructions Unit-specific work instructions Unit-specific work 
instructions 

Unit-specific work instructions Unit-specific work instructions 
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