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Coating products are widely used for the interior decoration of residential

property. However, there is growing concern regarding their odor emissions

and their impact on indoor air quality (IAQ). Mostmanufacturers and government

agencies set odor intensity limits to control the odor of coating products,

including their raw materials. However, it is difficult to determine product

performance by means of their odor intensity index. Although evaluating odor

intensity requires odor assessors to distinguish between different intensity levels,

low consensus and reproducibility represent challenges that are difficult to avoid.

As the odor concentration index only requires odor assessors to ascertain

whether the odor is felt or not, the reproducibility of the evaluation results is

relatively better. Moreover, suitable methodologies for determining odor

concentrations in volatile coating product emissions have rarely been

reported. Therefore, establishing an evaluation method for odor concentration

of coating products and exploring its key influencing factors should bridge this

gap. We examined the influence of the airbag material on the recovery rate of

typical volatile organic compounds (VOCs) using direct injection by GC-MS and

established that their adsorption effects were in the order: PET > PVF > PTFE. We

then explored the influences of the sample curing and odor emission times on

odor concentration. The solvent-based and water-based coatings reached

equilibrium after 8 h and 16 h curing, respectively, and after 8 h and 12 h odor

emission, respectively. The odor concentrations of real coating samples were

measured and compared against their odor intensities. The odor concentration

method more accurately and reliably discriminated coating products than the

odor intensity approach. Thus, to assist manufacturers in improving coating

formulations to reduce the odor impact of coating products, we used

headspace gas chromatography to determine the odor substances in water-

and solvent-based coatings and analyzed the odor contribution of various volatile

compounds using the odor activity value (OAV) method. Butyl acetate,

ethylbenzene, and 1-methoxy-2-propyl acetate were the key odorants in

solvent-based coatings while 1-butanol, ethylbenzene, and butyl acetate were

the key odorants in water-based coatings.
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1 Introduction

Modern urban residents spend approximately 80% of their

lives indoors (Hppe, 2002; Du, 2014; Andrade et al., 2018). The

importance of the environmental performance of interior

building materials has increased with consumer awareness of

environmental protection and health. Long-term volatile organic

compound (VOC) exposure may lead to odor-related nuisances

such as anxiety and inattentiveness (Jones, 1999; Chino et al.,

2009; Piccardo et al., 2022). Odor pollution of indoor air reduces

work efficiency and may cause economic loss (Cantuaria et al.,

2009). Certain countries and jurisdictions have established limits

on the concentrations of VOCs released by materials into indoor

air. However, the indoor odor pollution problem has not been

fully resolved because the olfactory thresholds of certain odorants

lie far below the detection limits of currently available measuring

instruments (Uhde et al., 2007; Spackman, 2020). Certain

researchers and institutions believe that odor evaluation

complements chemical assessments in indoor air quality

control (Blanes-Vidal, 2009). Odor intensity and acceptability

have been adopted by several popular product labeling systems

(Piringer et al., 1999; Xu et al., 2022) such as DICL (Denmark),

M1 (Finland), and Blue Angel and AGBB (Germany)

certification.

Wood, interior wall, and floor coatings are widely used in

interior decoration. However, they are major contributors to

indoor air pollution. Numerous coatings meet VOC emissions

standards. Odor pollution nonetheless occurs especially in

winter, when indoor air temperatures are high and there is no

nighttime ventilation. Odors emitted from coating products are

more obvious and unpleasant in closed environments. Therefore,

sensory evaluation of coating products and analysis of their key

odorants are essential.

Current sensory evaluation methods for coatings and other

building materials mainly assess odor intensity, hedonic tone,

and acceptability (Hansen et al., 1991; Knudsen et al., 2007;

Senitkova, 2014; Capíková et al., 2017; Kozicki et al., 2022). The

ISO 16000–28:2020 standard is widely used to evaluate odor.

Fang et al. (1999) reported that the sensory emissions of

waterborne coatings significantly increase with relative

humidity. Yeganeh et al. (2006) assessed the changes in the

acceptability of various single and combined building

materials at different dilution ratios. Kolarik et al. (2006)

stated that photocatalytically active coatings exposed to light

increase air acceptability. However, the odor concentrations in

the volatile emissions of building material products have seldom

if ever been analyzed. Odor concentration is the factor by which

an odorant sample is diluted with odorless air to its olfactory

threshold. Odor concentration is more reliable than odor

intensity at representing the contributions of odor compounds

to indoor air odor pollution and indicating the difficulty of

removing odors by ventilation. EN 13725–2003 and ASTM

E679-04 are highly reproducible test methods for measuring

odor concentrations. However, few researchers have applied the

foregoing techniques to evaluate coating product odors.

Odor adsorption by airbag materials is a key factor affecting

odor evaluation because it has an impact on odorant

composition. The airbags widely supplied and consumed on

the market are made of PET (polyethylene terephthalate,

nalophan™), PVF (polyvinyl fluoride, Tedlar™), and PTFE

(polytetrafluoroethylene, Teflon™) (Beauchamp et al., 2008;

Mochalski et al., 2014). Zarra et al. (2012) investigated

odorants storage stability in three types of sampling bags

often used to determine odor concentrations. Whereas Teflon

bags were the most stable for this purpose, Nalophan bags were

less reliable. Harreveld et al. (2012) examined odor concentration

reduction in PET, PVF, and montmorillonite (MMT) airbags.

The MMT airbags had obviously adsorbed the odor compounds.

Nevertheless, the adsorption effect of airbag materials on

compounds typically released by building products has rarely

been studied or reported. Toluene, ethyl acetate, acetone, and

ethanol were chosen for the present research. These four

compounds are typical pollutants released from the building

materials and are often used as solvents in coating products

(Gallego et al., 2008; Dodson et al., 2017; Goodman et al., 2018);

however, the adsorption of other types of pollutants such as

aldehydes, terpenes, and alkanes needs to be further investigated.

Coatings are subjected to multiple physicochemical

processes after they are applied. The pretreatment conditions

of the coating samples may also affect odor evaluation. These

include (1) the curing time between the completion of the

coating application to insertion of the coating in the airbag, and

(2) the odor emission time wherein the coating sample releases

the odor into the airbag.

Several studies have investigated the health and indoor air

quality (IAQ) effects of VOCs released from coating products.

Ulker et al. (2021) summarized the studies on the release of

contaminants from furniture coated with paints and their health

effects. Benzene, toluene, xylene, and styrene are the common

VOCs. Short-term exposure to these compounds can cause eye,

nose, and throat irritation; dizziness; and headaches, while

prolonged exposure can lead to neurological effects such as

reduced attention, short-term memory, and increased cancer

risk. Qi et al. (2019) investigated the quality of indoor air in

furniture painting workrooms and detected high levels of ethyl

acetate, n-butyl acetate, sec-butyl acetate, toluene, xylene, and

ethylbenzene. The concentrations of these pollutants far

exceeded the limits set by World Health Organization.

Auvinen et al. (2008) measured the pollutant release from six

photocatalytic coatings using a dynamic environmental test

chamber and found that the coatings were not effective in

degrading formaldehyde and VOCs, and also produced a

variety of byproducts such as formaldehyde, acetaldehyde, and

acetone at levels that were harmful to humans. Zhou et al. (2020)

constructed a VOC emission model for coatings and validated it

with literature data. However, the key odorants in the volatile

Frontiers in Environmental Science frontiersin.org02

Pei et al. 10.3389/fenvs.2022.1039842

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1039842


emissions of coating products have seldom been explored. Chang

et al. (1998) reported that hexanal emitted during alkyd paint

curing (drying) is a key odorant. Ziemer et al. (2000)

demonstrated that the esters in coating solvents significantly

contribute to their odor emissions. Wang et al. (2020) used gas

chromatography-olfactometry-mass spectrometry (GC-O-MS)

on coated Phoebe neurantha (Hemsl.) Gamble wood and

revealed that toluene, m-xylene, and benzaldehyde were the

key odorants.

Owing to the increasing consumer demand for low-odor

coating products, government agencies and manufacturers need

more reliable and multidimensional evaluation methods for

controlling the odor of such products. In the present study,

we proposed a method to evaluate the odor concentration of

coating products in a closed environment, which has not been

applied in previous studies. We also investigated the key factors

of the method, including the adsorption effect of different airbag

materials, curing time of the samples, and odor emission time. In

order to provide manufacturers with more information

pertaining to the improvement of the odor performance of

coating products, we used headspace gas chromatography-

mass spectrometry (GC-MS) to identify and quantify major

VOCs released by the coating products and then analyzed and

compared their relative odor contributions using the odor

activity value (OAV) method.

2 Materials and methods

2.1 Determination of volatile organic
compounds recovery rates in airbags

To evaluate the adsorption effect of the odorants on the

airbag materials, 1 μl of each chromatographically pure VOC was

injected into 3-L PET, PVF, and PTFE airbags (Dalian Delin Gas

Packing Co., Ltd., Dalian, China) and the changes in VOC

concentration were measured at different times. The airbags

used had a special Teflon fitting with silicon septum to

prevent the entry of the ambient air. The injection of

chromatographically pure VOC compounds and the collection

of gas samples for GC-MS determination were performed by

sticking a syringe into the Teflon fitting.

The experiment was performed thrice in parallel. The

recovery rate (R) was used as the evaluation index and

calculated as follows:

R � Creal

Ctheory
× 100%, (1)

where R is the recovery rate of odor compound in the airbag, Creal

is the actual VOC concentration in the airbag (mg m−3), and

Ctheory is the theoretical concentration of the odor compound in

the airbag (mg m−3).

Gas chromatography-mass spectrometry (GC/MS-QP2020;

Shimadzu Corp., Kyoto, Japan) was used in direct injection mode

to determine the VOC concentrations. Each sample was injected

with a 1-ml gas syringe (Shimadzu Corp., Kyoto, Japan), and the

injection volume was 1 ml. The desorbed VOCs were introduced

into the GC-MS at a 10:1 split ratio. The GC oven temperature

was held at 50°C for 1 min and programmed to increase from

50°C to 150°C at 10°C/min followed by a hold at 150°C for 10 min.

2.2 Influences of pretreatment conditions

2.2.1 Test sample preparation
The interior wall coating samples were collected from China

Testing & Certification International Group Co., Ltd. (Beijing,

China). Interior wall coatings were painted on a 10-cm2 substrate

board according to the actual application quantity. The substrate board

was composed of an odorlessmaterial such as stainless steel. The actual

volume of the coating painted onto the substrate board and the coating

product curing methods reflected the real construction process.

2.2.2 Gas preparation
After the substrate boards were coated with the samples, they

were stored at constant temperature and relative humidity (23°C

and 50% RH) to cure and then placed in different types of 10-L

airbags. Each of these was sealed with a sealing clip, 10 L odorless

high-purity nitrogen or clean air was injected into its gas port,

and its air valve was closed. The airbags were stored in a constant-

temperature oven at 23°C to allow for odor emission. The

odorant gas in the airbag was transferred by extrusion from

the exhaust port to a new airbag and the latter was connected to a

dynamic dilution olfactometer for measurement. The gas

preparation process is shown in Figure 1.

2.2.3 Odor test room
All sensory experiments were performed in an odor test room

fitted with temperature and humidity control equipment to

maintain the environment at 23 ± 2°C and 50% ± 5% RH.

The odor test room must be clean and odor-free so that it

does not interfere with the sensory experiments.

2.2.4 Determination of odor concentration
Odor concentrations were evaluated by a panel of eight

qualified odor assessors ages 18–45 with normal olfactory

function. They were screened with n-butanol according to

DIN EN 13725–2003.

The collected odor sample was continuously diluted by a

dynamic dilution olfactometer until there was a 50% probability

that the odor assessor in the panel will not be able to identify the

odor stimulus. At this point, the dilution factor of the odor

sample was the value of the odor concentration. The specific test

procedure referred to DIN EN 13725–2003.
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A dynamic dilution olfactometer (TO8; Olfasense GmbH,

Kiel, Germany) was used to measure odor concentrations based

on a three-point forced-choice method meeting the requirements

of DIN EN 13725–2003.

2.3 Chemical concentration and volatile
organic compounds analysis

2.3.1 Determination of concentrations of VOCs
emitted from coating products

The test samples (10 cm2 substrate board) were placed in 1-L

headspace vials (Entech Instruments LLC, Henderson, NV,

United States). The headspace vials were placed upright, the

pipes connecting the clean air were extended to their bases, the

clean air flow rate was set to 1 L/min, ventilation was maintained,

and the samples were quickly placed in the vials after 15 min. The

side of each sample was placed towards the center of each

headspace vial. After sample injection, the vials were

ventilated for 10 min, quickly sealed with headspace caps, and

maintained at 25 ± 2°C for 24 h.

The headspace vials were placed on a large-volume

headspace sampler connected to a three-stage cold trap

concentration device (No. 7150; Entech Instruments LLC,

Henderson, NV, USA) for which the test conditions are

shown in Table 1. The desorbed VOCs were directly

introduced into a GC/MS in splitless mode.

The VOCs were separated on a DM-5 capillary column (60 m×

0.25mm× 0.25 μm). The GC oven temperature was held at 50°C for

5 min, programmed to increase from 50°C to 250°C at 10°C/min,

and held at 250°C for 10 min. The collected air samples were

qualitatively measured according to retention time and MS and

quantified according to the peak areas of the characteristic ions in

the compound. The concentrations of compounds not included in

the standard curve establishment link were qualitatively calculated

by MS using their corresponding toluene coefficients.

2.3.2 Volatile organic compounds analysis
For each compound emitted by the coating products, the

OAV was calculated by dividing its concentration by its odor

threshold. The odor threshold required for the calculation was

quoted from the literature. OAV was calculated as follows:

OAV � C
COT

(2)

where OAV is the odor activity value, C is the concentration of

odor pollutant measured by the instrument, and COT is the odor

threshold for the odor pollutants.

FIGURE 1
Gas preparation process for odor evaluation.

TABLE 1 Test conditions of the three-stage cold trap.

Temperature control unit Trapping temperature (°C) Desorption temperature (°C) Baking temperature (°C)

Primary cold trap −150 10 150

Secondary cold trap −40 180 (3.5 min) 190

Tertiary cold trap −160 60 (2 min) 60 (3 min)
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3 Results and discussion

3.1 Adsorption curves of airbag materials

The airbag material adsorption effect is a key factor in odor

evaluation. The volatile organic compounds (VOCs) ethyl

acetate, toluene, ethanol, and acetone are released by typical

building materials and were selected for this experiment.

Chromatographically pure VOCs were injected into PET,

PVF, and PTFE airbags. Changes in VOC concentration within

the airbags at various time points were quantified and the

recovery of each VOC was calculated. Recovery rates (R) were

calculated with Eq. 2 and the results are shown in Figure 2.

Figure 2 shows that all four compounds rapidly volatilized

after being injected into the airbags. The acetone and ethyl

acetate concentrations increased the most rapidly and all were

volatilized and uniformly mixed within 3 min. Acetone and ethyl

acetate have relatively higher saturated vapor pressures (24 kPa

and 13 kPa, respectively, at 20°C). Subsequently, the

concentrations of all four compounds gradually decreased and

eventually stabilized because of the airbag material adsorption

effect. At the latter time point, fluctuation in the recovery rate

was <2%. As the three types of airbags differently adsorbed the

VOCs, their adsorption curves also differed.

When the VOCs were completely volatilized in the PET

airbag, their concentrations gradually started to decrease and

stabilized after 12 min. The decline in the recovery rate was in the

range of 10%–15%. For the PVF and PTFE airbags, the VOC

concentrations stabilized after 6 min and the recovery rates

decreased by 3%–8%. Therefore, the VOCs reached

equilibrium relatively faster in the PVF and PTFE than the

PET airbags. Moreover, the PVF and PTFE airbags adsorbed

comparatively less fully volatilized VOCs than the PET airbags.

Table 2 shows the VOC recovery rates at equilibrium. The

four VOCs had the lowest recovery rates (70.6%–78.7%) in the

PET airbags and the highest recovery rates (92.7%–94.7%) in the

FIGURE 2
Adsorption effects in airbags made of PET (A), PVF (B), and PTFE (C).

Frontiers in Environmental Science frontiersin.org05

Pei et al. 10.3389/fenvs.2022.1039842

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1039842


PTFE airbags. Therefore, PTFE had a relatively lower adsorption

effect on the VOCs and was comparatively more suitable as a

container for building material odor emissions.

3.2 Effect of sample curing time on odor
concentration

Once coating products are applied, they pass through three

stages (Keddie, 1997; Ma et al., 2005). (1) The water or organic

solvent in the coating product rapidly volatilizes and the coating

solidifies. (2) The film-forming compound in the coating

undergoes physicochemical changes and forms a tight coating.

At this stage, certain unfilmed higher-boiling auxiliary

compounds and internal solvents are gradually released. (3)

The coating properties stabilize and the volatiles enter a slow-

release cycle. The odor evaluation must reliably reflect the actual

situation to ensure that it is repeatable. The coating product odor

evaluations must be performed at Stage (3).

The effect of coating curing time on the final odor

concentration was then explored. The methods for

determining the odor concentration are described in Sections

2.2.1, 2.2.2. Four solvent-based and four water-based coatings

were selected. The samples were applied to odorless substrates

and at 23°C and 50% RH for 1, 2, 4, 8, 12, 16, and 24 h. The

sample-coated substrate plates were then placed in sealed airbags

for 8 h and the odor concentrations were measured (Figure 3).

Figure 3 shows that the solvent-based coatings passed

through Stage (1) within 0–3 h. The odor concentrations

rapidly dropped and the solvent-based coatings entered Stages

(2) and (3) after 8 h. Thereafter, the decline in odor concentration

slowed down. The water-based coatings passed through Stage (1)

within 0–8 h and entered Stages (2) and (3) after 16 h. The odor

concentrations slowly decreased. The duration of Stage (1) was

determined mainly by the heat of vaporization of the medium. As

a rule, water has a higher heat of vaporization than organic

solvents. Hence, Stage (1) was significantly shorter for the

solvent-based than the water-based coatings. To obtain

reproducible odor concentrations, measurements must be

taken after 16 h curing time.

3.3 Effect of odor emission time on odor
evaluation

Four solvent-based and four water-based coatings were

selected for this experiment. All eight coating samples were

applied to the substrate and cured at 23°C and 50% RH for

16 h. Then, all eight samples were placed in 10-L PTFE airbags

for 1, 2, 4, 8, 12, 16, 20, and 24 h and the odor concentrations

were measured. The times at which the sample-coated substrates

were placed in the airbags were taken as the odor emission times.

Figure 4 shows that the odor concentration gradually

increased and then stabilized with odor release time. The

TABLE 2 VOC recovery rates at equilibrium.

VOCs Recovery rate (%)

PET PVF PTFE

Ethanol 75.6 90.1 93.2

Acetone 78.7 89.2 93.9

Toluene 70.6 83.9 92.7

Ethyl acetate 75.4 88.6 94.7

FIGURE 3
Effect of sample curing time on solvent-based (A) and water-based (B) coating product odor concentrations.
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VOCs in the coating films were gradually released into the

airbags. As the concentrations of the VOCs in the airbags

gradually increased, the resistance of the VOCs to mass

transfer from the coating film to the gas phase gradually

increased and eventually reached equilibrium. For the solvent-

based coatings, the odor concentrations rose rapidly within

0–4 h, slowly increased after 4 h, and gradually reached

equilibrium after 8 h. For the water-based coatings, the odor

concentrations gradually increased over 0–12 h and reached

equilibrium after 12 h. Differentiation of the coating products

with various odor performances gradually increased with

emission time. For the solvent-based and water-based

coatings, discrimination of the odor concentrations among the

four samples was very difficult for the first 2 h and 4 h,

respectively. Therefore, the odor concentrations should be

measured after the samples have been released into the

airbags for >12 h.

3.4 Coating product odor evaluation

Odor intensity is generally used to evaluate coating product

odor performance. The present study introduced a method of

determining odor concentrations. Two methods were compared

by measuring the odor intensities and concentrations of ten

selected water-based coating samples as follows.

(1) Sample odor intensities were determined by a method in the

ISO 16000–28:2020 standard.

(2) Odor concentration was determined as follows. Samples

were coated onto odorless glass substrate plates, cured

16 h, and placed in 10-L PTFE airbags. The latter were

then filled with nitrogen or clean air and the odors were

released for 12 h. The gas samples in the airbags were

transferred to clean airbags and connected to a dynamic

dilution olfactory analyzer. The odor concentrations were

determined according to the EN 13725–2003 method.

For all ten coating products, coefficients of variation

were used to distinguish between the foregoing methods.

The coefficients of variation were calculated as shown in

Eq. 3:

Cv � σ

μ
(3)

where Cv is the coefficient of variation, σ is the standard

deviation, and μ is the arithmetic mean.

As shown in Table 3, the coefficient of variation for the

odor intensities (0.13) was significantly smaller than that for

the odor concentrations (0.63). This discrepancy indicates

that odor concentrations are relatively more effective than

odor intensities at discriminating coating products. For the

CP-02, CP-04, CP-05, and CP-09 coatings, the odor

intensities were all 5.0 pi whereas the odor

concentrations were all distributed within the range of

199–585 OUE/m
3.

Though the odors released by all four coatings were equal

in terms of stimulating the human olfactory organ, they

differed in terms of the amounts of clean air required to

eliminate them. Hence, coating products with high odor

concentrations are more likely to be odor nuisances. Thus,

odor concentration is also important supplementary

information for consumers of coating products or other

building materials.

FIGURE 4
Effect of odor emission time on solvent-based (A) and water-based (B) coating product odor concentrations.
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3.5 Key odorants released by coating
products

Here, four water-based and four solvent-based coating

products were selected to measure VOC emissions. Odor

contributions were assessed by calculating the OAVs of each

VOC. OAV is calculated according to Eq. 1.

Table 4 shows significant difference among the solvent-

based and water-based coatings in terms of the VOCs they

released. The main VOCs released by the solvent-based

coatings were o-xylene (6.75 mg m−3), toluene

(3.82 mg m−3), ethylbenzene (3.12 mg m−3), butyl acetate

(2.74 mg m−3), ethyl acetate (2.16 mg m−3), acetone

(2.15 mg m−3), and others. The main VOCs released by the

water-based coatings were 1,2-propanediol (11.75 mg m−3), 1-

butanol (6.45 mg m−3), ethanol (5.25 mg m−3), 2-

butoxyethanol (5.17 mg m−3), m-xylene/p-xylene

(0.59 mg m−3), toluene (0.42 mg m−3), and others.

TABLE 3 Relative odor intensities and concentrations.

Sample code Odor intensity (pi) Odor concentration (OUE*m
−3)

CP-01 5.5 625

CP-02 5.0 585

CP-03 4.0 74

CP-04 5.0 356

CP-05 5.0 249

CP-06 4.5 172

CP-07 6.0 704

CP-08 5.5 596

CP-09 5.0 199

CP-10 4.0 147

Cv 0.13 0.63

TABLE 4 Concentrations and OAV of VOCs emitted from coating products.

Coating type Odor pollutant Mean concentration
(mg·m−3)<

RSD (%) Odor threshold
value (mg·m−3)

Odor activity
value (OAV)<

Solvent-based Ethyl acetate 2.16 33 4.7 0.46

coating Butyl acetate 2.74 43 0.01 274.00

1-Methoxy-2-propyl acetate 1.08 27 0.016 67.50

Ethylbenzene 3.12 49 0.026 120.00

Toluene 3.82 11 0.3 12.73

o-xylene 6.75 37 1.6 4.22

m-xylene/p-xylene 1.86 33 0.25 7.44

Methylene Chloride 1.02 82 55 0.02

n-Hendecane 0.99 60 6.1 0.16

Acetone 2.15 17 26 0.04

Water-based Ethyl acetate 0.22 59 4.7 0.05

coating Butyl acetate 0.09 24 0.01 9.00

Ethylbenzene 0.34 33 0.026 13.08

Toluene 0.42 34 0.3 1.40

o-xylene 0.08 27 1.6 0.05

m-xylene/p-xylene 0.59 34 0.25 2.36

Ethanol 5.25 37 0.6 8.8

1,2-Propanediol 11.75 22 16 0.73

1-Butanol 6.45 29 0.16 40.31

2-Butoxyethanol 5.17 27 1.7 3.04
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Ethyl acetate, butyl acetate, ethylbenzene, toluene, o-xylene,

and m-xylene/p-xylene were detected in both solvent-based and

water-based coatings. However, their concentrations greatly

differed. The compounds most commonly emitted by solvent-

based coatings were monoaromatic hydrocarbons and esters. The

compounds most commonly emitted by water-based coatings

were alcohols and ethers. Hence, solvent-based and water-based

coatings have different odor performances.

Figure 5A shows that in descending order of concentration,

the odor contributions to the solvent-based coatings were butyl

acetate, ethylbenzene, 1-methoxy-2-propyl acetate, toluene,

methylene/p-xylene, and o-xylene. Though the concentration

of o-xylene was relatively high (6.75 mg m−3), it contributed

comparatively little to the odor and its OAV accounted for

only 20%. In contrast, the concentration of butyl acetate was

comparatively low (2.74 mg m−3) but it contributed relative more

to the odor and its OAV accounted for 50%.

Figure 5B shows that in descending order of concentration,

the odor contributions to the water-based coatings were 1-

butanol, ethylbenzene, butyl acetate, ethanol, 2-butoxyethanol,

and m-xylene/p-xylene. Though 1,2-propanediol had the highest

concentration (11.75 mg m−3), it contributed very little to the

odor as it had a high odor threshold. Substances with

OAV <1 have only a moderate impact on the odor. The

alcohol n-butanol is widely used to solubilize water-based

coatings and serves as a raw material for butyl acrylate

production. Here, n-butanol had a significant impact on the

water-based coating odor.

4 Conclusion

Our study aimed to develop a method for evaluating the

odor concentration of coating products in a closed

environment and explore the key factors affecting the odor

evaluation. In addition, our research determined the key

odorants of coating products. Our work can be briefly

summarized as follows:

(1) PTFE airbags had the lowest VOC adsorption. PVF airbags

moderately adsorbed VOCs while PET airbags strongly

adsorbed them. Therefore, PTFE airbags should be used

to ensure the accuracy of the odor concentration

determinations.

(2) The odor concentrations rapidly increased before 12-h

emission time and slowly increased thereafter. The odor

concentrations rapidly decreased before the 16-h curing time

but their rates of decrease declined thereafter. Therefore, to

ensure the repeatability of odor concentration measurements

for interior wall coatings, the emission and curing times

should be set to >12 h and >16 h, respectively.
(3) Odor concentration measurements more effective

distinguish odorant VOCs than odor intensity

measurements. The former are relatively more convenient

for manufacturers because they facilitate detailed quality

classifications of product odor performance.

(4) The main VOCs released by the solvent-based coatings were

o-xylene, toluene, ethylbenzene, butyl acetate, ethyl acetate,

acetone, and others. The main VOCs released by the water-

based coatings were 1,2-propanediol, 1-butanol, ethanol, 2-

butoxyethanol, m-xylene/p-xylene, toluene, and others. In

descending order of concentration, the odor contributions of

the VOCs to the solvent-based coatings were butyl acetate,

ethylbenzene, 1-methoxy-2-propyl acetate, toluene,

m-xylene/p-xylene, and o-xylene. In descending order of

concentration, the odor contributions of the VOCs to the

water-based coatings were 1-butanol, ethylbenzene, butyl

acetate, ethanol, 2-butoxyethanol, and m-xylene/p-xylene.

FIGURE 5
Odor contribution of VOCs emitted from solvent-based coatings (A) and water-based coatings (B).
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Our study has one major limitation; the objects analyzed were

mainly interior wall coatings and wood coatings. Different types of

coatings, such as anti-corrosion coatings and fireproof coatings, may

release different key odor substances; alternatively, curing and odor

release timesmay vary. These aspects need to be investigated further.

Therefore, in the future, we plan to expand the scope of our research

and study the key odor substances of other types of coating products

or building materials. Further, we also plan to study the odor

performance of different formulations of building materials; this

may provide more valuable information to manufacturers.
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