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CROSS-LAMINATED WOOD PANELS IN A PATIENT ROOM AND
STUDIES OF INTERIOR ENVIRONMENT

Bror Sundkvist!, Olena Myronycheva !, Sarka Langer?, Ingrid Liljelind’, , Bo
Glas®, Tomas Nord¢, Bjorn Nordin®

ABSTRACT: Studies on the effect from biobased materials and products on humans have indicated positive effects. This
has earlier been shown in studies for e.g. hospitals, where indications of lower stress and pain in patients with wood as
part of interior solutions.

This paper describes the first step of a larger study that investigates the interior environment and the response of patients.
The study presented here measured RH, temperature, emissions of volatile organic compounds (VOC) and microbial
activities in two rooms at a hospital in Skellefted, Orthopaedic ward. One room had a cross-laminated wood panel
covering 42% of walls, window reveal and doors, and the other a control room with standard coverings.

Results indicated only a small difference between the rooms in terms of temperature and RH. VOC emissions varied in
both rooms but all concentrations were lower or much lower than threshold values for interior air quality standard limits.
Biological contamination of the surfaces and from air sampling was also performed.

Conclusions of this experimental study shows that from a regulatory perspective it is possible and safe to use wood as
interior product.
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1 INTRODUCTION materials has been related to positive effects in terms of
) ) ) aesthetics, smell, air humidity and well-being [5].

Studies on the effect .Of blobased m.a'.[erlals and products The aim of this study is to investigate indoor air quality in

on humans have indicated positive effects. What two patient rooms in Skellefted Hospital. One room

properties of wood as a material give these positive (Room 4) is an ordinary patient room with painted

results? Do they come from what [1] showed as being
natural (less strong medication to patients with a forest
view compared with a “built” view), or what [2] measured
as indications of lower stress and pain in patients with 2 MATERIALS AND METHODS
wood as part of interior solutions? Or is it from the

anisotropic and hygroscopic properties affecting the 2.1 SUB-CHAPTER TITLE

interior air quality [3]. Hospital care is currently often
performed in very sterile indoor environments with
smooth painted walls and no components with natural
materials. Applying a biophilic approach in places of
recovery and recuperation has been considered as a means
of improving recovery and reducing durations of stay.
This was illustrated recently in a paper [4] that considered
the contrasting effects of Sick Building Syndrome (SBS)
and Building Related Illnesses (BRI) and a high Indoor
Environmental Quality (IEQ). The use of wooden

concrete walls, while wooden wall panels have been
installed in the other room (Room 5).

The measurements of indoor climate parameters
temperature, relative humidity (RH) and concentration of
carbon dioxide (CO2) as well as concentrations of air
pollutants nitrogen dioxide (NO2), ozone (Os), volatile
organic compounds (VOCs) and aldehydes have been
performed in the two rooms during one year. NO2 and
ozone were also measured in the outdoor air, and outdoor
temperature and relative humidity were retrieved from
SMHI:s measurement station at Skellefted airport.
Temperature, relative humidity and concentration of COz
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were measured with Wohler CDL 210 COz-logger with a
time resolution of 2 minutes. The chemical compounds
were measured by passive/ diffusive samplers.

For measurements of NO2 and ozone concentrations, IVL
passive/ diffusive samplers were used [6]. These
compounds were analysed by wet chemical techniques
using a spectrophotometric method (NO:2) and ion
chromatography (Os). The analytical procedures are
accredited by the Swedish accreditation agency
SWEDAC.

Volatile organic compounds were passively sampled on
Tenax TA (Perkin-Elmer) adsorbent tubes and analysed
in compliance with the standard ISO 16017-2 [7]. The
Tenax tubes were thermally desorbed (Markes
International, Unity 1 and Ultra) and analysed by gas
chromatography/ mass spectrometry (GC/MS) in electron
impact ionization mode. The sum of individual VOCs in
a sample (TVOC, Total Volatile Organic Compounds)
was quantified in toluene equivalent, i.e. using the uptake
rate and the response factor of toluene.

Formaldehyde was measured using passive samplers —
DSD-DNPH Aldehyde Diffusive sampling Device
(Supelco, Bellefonte,PA). The sampling period and the
analytical technique (solvent extraction and high-
performance liquid chromatography) followed the ISO
16000-4 standard [8].

The estimation of the water amount in dry air was done
by using Mollier-Diagram [9].

Enumeration of the moulds in indoor and outdoor air was
done by SS-ISO 16000-17:2008 [10]. The data represents
the number of colony-forming units (CFU) of fungi or
bacteria per sample. The malt-extract agar, potato-
dextrose agar, dichloran 18% glycerol agar (DG18 agar)
and nutrient broth agar were used as culture media. The
plates were checked regularly for up to 7 days. The
temperatures 25°C and 37° were used for the incubation.
Calculations of the results were based on the colony count
of the agar where the best growth occurs. The results are
presented in colony-forming units per cubic meter.

The sampling from the walls and other surfaces was done
according to ISO 16000-21:2013(E) [11] by sterile cotton
swabs cultured on malt extract agar nutrient media.
Incubation was done at 25°C.

The Adenosine Tri-Phosphate ATP bioluminescence was
used to rapidly evaluate material surface cleanness [12].
The method is based on the correlation of biological
residuals with the light generated during the reaction with
luciferin/luciferase enzyme and measured by a
luminometer 3M Clean-Trace™ Luminometer, St. Paul
Minnesota, USA. The general acceptance for the
cleanness is below 20 RLUs or Relative Light Units.

The sampling locations for swabbing and ATP
measurement were:

- left and right dry walls of the left window

- left and right dry walls of the right window

- left and right walls of the room ca. 1.5 m from the floor
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- left and right sides of the ceiling about 1 m from
the ventilation channel

- nearby the ventilation channel

- doors of the patient lockers

The sampling periods are summarized in Table 1.

Table 1: Sampling periods

Week Month, year Start Stop

1 October 2021 2021-10-04  2021-10-12
10 December 2021  2021-12-06  2021-12-13
19  February 2022  2022-02-07  2022-02-14
27  April 2022 2022-04-04 2022-04-11
35  May 2022 2022-05-31  2022-06-07
44 August 2022 2022-08-01  2022-08-08
53 October 2022 2022-10-02  2022-10-10

3 RESULTS AND DISCUSSION
3.1 INDOOR CLIMATE PARAMETERS

The values of temperature (Figure 1) were within the
range of 20-24 °C defined by the EN 16798 standard [13]
and by the Swedish regulations [14,15] during the whole
period of measurements for one year. The values of
relative humidity (Figure 2) were within the range defined
by the EN 16798-1:2019 standard (25-60% RH) only
during the non-heating season. During the heating season,
the RH was <20%.
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Figure 1. The temperature in the studied rooms and in outdoor

air. The full red lines indicate the range of comfortable indoor
air temperature stated in standards.
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Figure 2. Relative humidity in the studied rooms and in
outdoor air. The red line indicates the range of comfortable
indoor air relative humidity stated in standard.

3.2 INDOOR AIR POLLUTANTS

The TVOC concentrations (Figure 3) were below the
recommended long-term guideline value of 300 pg/m3 in
both rooms [16]. The TVOC concentrations did not

differed significantly between the two rooms.
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Figure 3. Concentration of TVOC in the studied rooms. The
red line indicates the recommended guideline value for TVOC
of 300 ug/m’.

3.3 OUTDOOR/INDOOR WATER CONTENT IN
DRY AIR

According to Swedish Public Health Agency's general
advice on moisture and microorganisms “that the average
value of the humidity should not exceeds 7 g water/kg dry
air for a longer period during the heating season, which
corresponds to approx. 45% relative humidity at 21° C”
in a public building [17]. Such conditions might be
favorable for microbial growth [19].

The evaluation of the climate was done to find the risk
dates. The graph is presented in Figure 4.
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Figure 4. The amount of water in g per 1 kg of dry air. The red
line is a limit and parameters above are favourable for the
microbial growth.

3.4 INDOOR AIR MICROORGANISMS

The threshold limit values for biological contaminants
such as microorganisms are difficult to define, and
particularly for mould fungi the World Health
Organisation (WHO) did not provide such values in their
Indoor air quality guideline [18]. The threshold amount >
1000 CFU/m? in the whole mould is proposed as
considered for dwellings at risk for allergic patients [19].
The total amount of microorganisms in the air of the
sampling areas grown at 25°C and 37°C is presented in
Figure 5 below.
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Figure 5. Total amount of microorganisms CFU/m® grown at
the temperature 25°C and 37°C. The red line shows the
threshold value.

The dominating effect of indoor/outdoor fungi is
proposed for the determination of dominating effect of the
microbial concentrations for the data interpretation [20].
The indoor: outdoor (I/O) concentration ratios related to
the presence of indoor sources of microorganisms. I/O
ratios are typically less than 1.0. However, if there is a
strong microbial source indoors exists the ratio can exceed
1.0. Table 2 represents the ration of total microorganisms
in the rooms for the sampling time.



Table 2. The 1/O concentration ratio for sampled time and
locations in air samples of the microorganisms

Day /0
Room 4 Room 5
211004 0.6 1.6
211206 33 1.9
220207 27.3 18.3
220404 0.4 0.9
220531 0.5 0.5
220801 0.1 0.1
221002 0.4 0.5

3.5 MICROBIOLOGICAL ASSESSMENT OF
MATERIAL SURFACE

The ATP bioluminescence is applied essentially for
hygiene status of the surfaces. It is an effective system to
verify cleaning of surfaces from biological residues and
microorganisms. The value below 20 RLU is considered
moderate clean, when below 5 it is efficiently clean. Since
the hospital environment is quite full of biological
contaminations the value showed that surfaces are
unclean. The distribution of the contaminated areas in the
room showed in Figure 6.
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Figure 6. The average value of ATP per room in RLU.

The total amounts of the colony-forming units for fungal
and bacterial microbial species are presented in Figure 7
and the number of fungi was much less than the amount
of bacterial species on material surfaces.
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Figure 7. Total amount of microorganisms CFU isolated from
the material surface.

4 CONCLUSIONS

The temperature was within the recommended comfort
limits. The relative humidity was also within the
recommended comfort limits with exception for the
heating season (low RH) when the outdoor temperature
was low.

The concentrations of all the TVOCs were low and below
recommended guideline values and quite similar in both
rooms.

The microbial contamination was low regarding generally
suggested limits but influenced by indoor microbial
source during heating season. The material surface was
subjected to microbial contamination but mainly by
bacterial isolates in both rooms.

From both the indoor climate and microbiological
measurements, the values are within or well below limits
for what standard regulations require for an acceptable
indoor climate. Moreover, there was no or little difference
between the rooms, this shows that it’s possible to include
biophilic design also in hospital environments.

These findings are a part of an ongoing study, and more
results will be published, that involves clinical trials on
patients and a survey for the staff of their perception of
the rooms investigated. For the whole study at the
hospital, we hope to gain new results and findings that
clarifies the relation between indoor environments and
human well-being.
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