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Abstract 
One aspect of a healthy environment is good air quality. Volatile organic compounds (VOCs) are a group of 
chemicals that can contribute towards indoor health problems. Despite regulations, paints can contribute 
towards large short-term spikes in VOC levels. The aim of this research is to compare the VOC emissions between 
two brands of water-based paints. A room was painted using matt emulsions from Crown Paints (1 g/l VOC 
content) and Nutshell Natural Paints (0 g/l VOC content) and the resulting VOC emissions compared. Results 
show VOC levels reached over 1000 μg/m3 in both cases and that the labelled “VOC content” is not necessarily 
an indicator of VOC emissions. The claim from Nutshell Natural Paints that the room can be used immediately 
after paint application could not be confirmed.  
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1. Introduction 
Good air quality in the indoor environment is essential for the health and wellbeing of 
occupants. Since the late 1900s, energy conservation has been achieved by increasing 
building airtightness. At the same time, an increase in the use of synthetic material and 
chemical products has occurred. This, combined with the fact that on average Europeans 
spend 90% of their life indoors and approximately 2/3 of this time is spent at home (World 
Health Organization, 2014), has led to concerns regarding the indoor level of pollutants. 

1.1 Volatile organic compounds 
Volatile organic compounds (VOCs) can be generally defined as carbon-containing 
compounds that vaporise at room temperature. Sources of VOCs can be biogenic (e.g. plants, 
animals) or anthropogenic (e.g. furniture, consumer products, occupant behaviour). Although 
VOCs are found naturally outdoors, the indoor levels of VOCs may be up to 2 to 5 (Wallace, 
1987) times higher than that of the outdoors due to anthropogenic sources and a lack of 
ventilation. Health risks associated with VOC exposure are mainly of a sensory nature 
including eye, nose and throat irritation, headaches, and nausea.  As over 900 VOCs have been 
identified (Environmental Protection Agency, 1989), literature often deals with total VOC 
(TVOC) levels rather than analysing all VOCs individually. Additionally, the exact definition of 
a VOC differs between organisations which makes comparing VOC literature difficult. The 
variable nature of TVOC is reflected in the variability of published guideline levels (Table 1). 

Table 1. Exposure limits in indoor environments for VOCs 
Source Exposure limit 
AGÖF (2013) 360 µg/m³ normal value 

1572 µg/m³ attention value 
1000 µg/m³ guidance value 

http://www.nceub.org.uk/


Building Regulations (2010) 300 μg/m³ 
Delos Living LLC (2015) 500 μg/m³ 

 
Paints are of particular interest as they can contribute towards large short-term spikes in VOC 
levels. Consequently, EU legislation limits the amount of VOCs that paints can contain and in 
the UK, the VOC content is determined using ISO 11890 standards. There is growing interest 
in zero-VOC paints and several brands have been introduced into the market. These paints 
are often advertised as being non-toxic and healthy, allowing painted rooms to be used 
immediately.  
 
The aim of this research is to compare the VOC emissions between two brands of water-based 
paints: one defined as “low-VOC” and the other as “zero-VOC”. 

2. Method 
An unoccupied loft bedroom of a terraced house located in London was monitored from 22nd 
June to 24th August using a Wolfsense IQ-604 probe taking measurements every minute. With 
only north-eastern facing windows, the room receives direct sunlight in the morning. The 
probe was placed in the middle of the room at a height of 1.5m. The room was otherwise 
empty with the exception of a 1m2 plywood sheet covering an emergency exit. TVOC, CO2, 
temperature and relative humidity levels were recorded. Three phases of measurements 
were taken: 

• 22nd June to 11th July: Background readings 
• 11th July: Room was painted with Crown Paint and subsequent readings taken 
• 1st August: Room was painted with Nutshell Paint and subsequent readings taken 

The two paints tested are compared in Table 2.  
Table 2. A comparison of the two paints used 

 Cost per litre 
(including VAT) 

(£/l) 

VOC 
content 

(g/l) 

Spreading 
rate 

(m2/l) 

Drying 
time 
(hr) 

Recoatability 
time (hr) 

VOC 
class 
(limit 
(g/l)) 

Crown Pure 
Brilliant 
White Matt 
Emulsion 

1.6 1 14 2 4 Cat A/a 
(30) 

Nutshell 
Interior Paint 
Emulsion 

10.4 0 11-13 1-2 3-5 Cat A/c 
(40) 

3. Results 

3.1 Background 
The background readings were taken over 233 hours between 22nd June and 11th July. The 
average TVOC level was 164 ±34 μg/m3 which is well within guideline levels of 300 μg/m3. A 
sample of the background readings (Figure 1) shows that TVOC levels fluctuated with a 
minimal and maximal of 91 and 251 μg/m3, respectively. The average TVOC levels in the two 
adjacent bedrooms was found to be 156 and 123 μg/m3. 



 
Figure 1. A sample of the background readings from 22nd June to 28th June. 

3.2 Crown Paint 
On the 11th July, the bedroom was ventilated whilst being painted with 2.5l of Crown paint 
from 2.15-3.30pm. Figure 2 shows how TVOC varied during and after painting. 

 
Figure 2. Data recorded after Crown paint was applied. The grey area indicates when doors and windows were 

closed. 
TVOC rose initially from about 120 to 885 μg/m3 at 3.50pm. Between 3.50pm and 9.45pm, 
TVOC levels dropped from 885 to 230 μg/m3. When the windows and doors were closed at 
9.45pm, TVOC increased from 225 to 1320 μg/m3 at 4.30am and then dropped drastically to 
750 μg/m3 at 8.15am. TVOC increased back to 1350 μg/m3 at 9.45am just before the windows 
and doors were opened which caused a drastic TVOC drop to 200 μg/m3. 
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Throughout the week, TVOC remained below 200 μg/m3 with ventilation (Figure 3). Without 
ventilation, TVOC increased although the peaks became consecutively lower. The early 
morning TVOC dip experienced on the 12th July also occurred on the 13th and 14th July.   

  
Figure 3. Data recorded for several days after Crown paint was applied. The grey area indicates when doors 

and windows were closed. 

3.3 Nutshell Paint 
On the 1st August, the same procedure was repeated using Nutshell paint.  

  
Figure 4. Data recorded for several days after Nutshell paint was applied. The grey area indicates when doors 

and windows were closed. 
Figure 4 shows that the initial trend remained similar with TVOC increasing to 600 μg/m3 at 
3.50pm. A peak of 1100 μg/m3 was reached overnight. However, on the following ventilated 
day as relative humidity increased, TVOC reached a higher peak of 1350 μg/m3. Consecutive 
unventilated periods had decreasing TVOC peaks of 350 μg/m3 and 300 μg/m3, respectively. 
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4. Discussion 
In the UK, the definition of VOC in the context of paints is “any organic compound having an 
initial boiling point less than or equal to 250°C measured at a standard pressure of 101,3 kPa”. 
The VOCs measured by the probe, however, do not correspond entirely to this definition. The 
probe uses photo-ionisation detection technology which detects VOCs based on their ability 
to fragment into ions in the presence of ultraviolet light. A list of detectable compounds 
provided by Wolfsense revealed that several compounds detected are not conventionally 
considered VOCs (e.g. ammonia, iodine, nitric oxide). Additionally, as the probe only considers 
TVOC, it is difficult to say whether the concoction of chemicals released by both paints is 
actually harmful to human health. 
 
The early morning TVOC dip seen several times is likely due to photochemical reactions active 
when direct sunlight enters the room. VOCs can react with nitrogen oxides to produce ozone 
in the presence of sunlight. Although nitrogen dioxide was not detected the probe, it is 
possible the concentration was below 20 ppb at which the probe did not detect its presence.  
 
The effect of temperature on VOC emission has been investigated by Haghighat and De Bellis 
(1998).  It was found that TVOC emission rates of paint at 35°C were significantly higher than 
those at 25°C and 15°C. As temperature increases, the vapour pressure of VOCs increases 
which encourages their release. The effect of relative humidity was less certain and the 
authors could report no TVOC trend. However, when testing individual compounds, it was 
found that toluene had a higher initial emission rate at 3% relative humidity whereas at 32% 
relative humidity, m, p-xylene yielded greater initial emission rates. Huang, Xiong and Zhang 
(2015) found that the logarithm of the initial emitted concentration of formaldehyde had a 
linear relationship with relative humidity. Markowicz and Larsson (2015) found that the levels 
of 2-ethylhexanol and TXIB increased 3-fold and 2-fold, respectively, when relative humidity 
was increased from 21-22% to 58-75%. As the effect of relative humidity is dependent upon 
the individual VOCs, it is possible that the high levels of humidity on the 2nd August influenced 
VOC emissions resulting in higher TVOC than immediately after painting.  
 
Some studies have shown that VOC content does not necessarily correlate with VOC 
emissions. Schieweck and Bock (2015) tested 14 low-VOC and zero-VOC paints and found that 
the formulations contained high-boiling substances and semi-VOCs in order to circumvent 
solvent classifications. The occurrence of irritation effects was more likely with increasing 
TVOC concentrations and within the first few hours of painting, the recommended TVOC 
values of 0.3 to 1 mg/m3 was exceeded. The authors could not confirm that long periods of 
ventilation are not needed. The absence of a correlation between VOC content and emissions 
is also supported by Mason and Ceragioli (2012) who carried out environmental chamber 
emissions tests on 26 paint products with a range of VOC content levels (0 to 150g/l). The 
authors concluded that VOC content should not be used a proxy for VOC emissions and that 
low TVOC content does not necessarily indicate safe VOC emissions until specific compounds 
are identified. Finally, Decio et al. (2008) formulated 3 water-based paints and measured VOC 
content according to the UK standard ISO 11890-2. Emissions were measured according to 
ISO 16000-6 on two different substrates: glass and a sound-deadening panel. The authors 
demonstrated that VOC content is not an indicator of VOC emissions and that the substrate 
can play an important role in the rate of VOC emissions (Table 3). This brings into question 
what effect the previously painted Crown paint had on the Nutshell emissions. 



Table 3. A comparison of the two paints used adapted from Decio et al. (2008) 
Sample VOC content 

(g/l) 
TVOC emissions glass (μg/m3) TVOC emissions sound-

deadening panel (μg/m3) 
A <1 150 20 
B 8.8 1215 3986 
C <1 3957 9571 

5. Conclusion 
In conclusion, labelled VOC content can be misleading for consumers and should not be used 
a proxy for VOC emissions. Regulatory bodies should require VOC emission data to be tested 
according to ISO 16000-6. The cost of Nutshell paint was £10.4/l compared to £1.6/l for Crown 
paint despite TVOC reaching over 1000 μg/m3 in both cases. It is possible that the Nutshell 
formulation is more environmentally friendly but a life cycle analysis should be carried out to 
determine this. However, it is still recommended to ventilate the room after using the 
Nutshell paint until it can be confirmed that the concoction of VOCs is safe for humans. 
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