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Abstract

Poor indoor air quality (IAQ) has been linked to airway disease and early deaths. The ESQUISSE study 
of IAQ conducted by the French Research and Safety Institute (INRS), characterized the concentra-
tions of various volatile organic compounds (VOCs) in 10 retail stores and storage areas. The IAQ was 
generally better in sales areas than storage areas, which are more often unventilated and overloaded 
with new products. For example, in clothing stores, formaldehyde concentrations between 29.0 and 
45.0 µg m−3 were measured in non-ventilated storage areas located in the basement; in sales areas, 
concentrations did not exceed 10.2 µg m−3. Similarly, total VOC (TVOC) concentrations in the two main 
storage areas were 1153 and 1223 µg m−3 toluene equivalent, whereas they were less than 77.0 µg m−3 
toluene equivalent in all sales areas. Many employees work in these high-exposure areas either tem-
porarily or for the entire day, unpacking boxes, placing products on shelves, or collecting products. 
Reporting primarily on formaldehyde, toluene, or TVOC concentrations, this article shows, in addition 
to the distinction between sales and storage areas, how an unpacking task can affect an employee’s 
exposure, and an example of the impact of ambient temperature on VOC concentrations. The results 
presented clearly highlight the issue of occupational exposure of workers in storage areas.
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What’s important about this paper

•  New products sold in retail stores, such as clothing and shoes, may release volatile organic compounds, 
including formaldehyde. Workers who spend time in store rooms and opening or handling new products 
may experience poor air quality, and high exposures to volatile organic compounds during some tasks. 
This hazard is not widely recognized, and should be addressed though assessment of store room ventila-
tion and volatile organic compound exposure among retail workers.
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Introduction

Considering all types of pollutants and all countries 
(developing or industrialized), Viegi et al. (2004) state 
that 1.5–2 million deaths per year worldwide could be 
attributed to indoor air pollution linked to airway dis-
ease. According to these authors, indoor air pollution 
ranks tenth among avoidable risk factors contributing 
to the worldwide disease burden. This conclusion is 
supported by many other studies (Norbäck et al., 1995; 
Sundell et al., 2011; Chan et al., 2016; Kwon et al., 
2018) which also show how indoor air quality (IAQ) 
degradation can affect the health of occupants to various 
degrees, ranging from sick building syndrome, allergic 
disorders, respiratory tract diseases, to a risk of lung dys-
function, and an increased risk of upper respiratory tract 
cancers.

Among the pollutants most frequently identified in 
indoor air, volatile organic compounds (VOCs) have 
been widely studied (Wolkoff and Nielsen, 2001; Guo 
et al., 2004; Jia et al., 2010). Billionnet et al. (2011) 
analysed the results of a VOC measurement campaign 
conducted in almost 500 French households associated 
with health questionnaires. Their results showed that the 
highest total VOC (TVOC) concentrations were associ-
ated with an increased prevalence of asthma and rhinitis 
in adults. Among VOCs, due to its ubiquitous nature in 
all indoor environments, formaldehyde is a major target 
pollutant (Salthammer et al., 2010). It is the subject of 
(WHO recommendations2010) and is classed as car-
cinogenic to humans by the International Agency for 
Research on Cancer (2012) as it can cause cancer of 
the nasopharynx and leukaemia. For worker’s protec-
tion, the French Research and Safety Institute (INRS) 
has defined an 8-h occupational exposure limit value 
of 625 µg m−3 (INRS, 2020). This guideline applies to 
premises considered to have specific pollution. This is 
not the case for tertiary spaces such as stores. On the 
other hand, the French Agency for Food, Environmental 
and Occupational Health & Safety (ANSES) has estab-
lished a guide value for formaldehyde, for the protection 
of the general population (ANSES, 2020). This indoor 
air guideline value of 100 µg m−3 is to be respected re-
peatedly and continuously for the entire day. Bruno et al. 
(2008) analysed the indoor–outdoor ratio to verify the 
contribution of indoor sources or air in non-residential 
indoor environments note that toluene appears to be 
a pervasive indoor pollutant. However, toluene is clas-
sified by the INRS as a R2 reprotoxic compound with 
the mention likely to harm the foetus. For worker’s pro-
tection, INRS has defined an 8-h occupational exposure 
limit value of 76 800 µg m−3 (INRS, 2020) to premises 

considered to have specific pollution. On the other hand, 
ANSES has established a guide value for toluene of 
20 000 µg m−3. Today, there is a clear lack of guidelines 
for the protection of employees working in the store sec-
tors. Improved knowledge of exposure, particularly in 
storage areas, will allow better account to be taken of 
their exposure to VOCs.

Although many authors, including Fisk et al. (2012), 
Wargocki (2013), or Mendell et al. (2008), emphasize 
the role of ventilation on IAQ and indirectly on the VOC 
concentrations to which occupants may be exposed, 
all research to date agrees that the main determinant 
of IAQ degradation is primarily the presence of indoor 
sources. These sources can be very diverse: building ma-
terials, decorating materials, equipment, or the presence 
of new furniture.

Retail stores and their storage areas are environments 
where new manufactured products with high VOC emis-
sion capacities are frequently found. A variety of indoor 
environments have been studied to investigate IAQ or 
pollution, such as schools, offices, or homes (Kirchner, 
2006; Kirchner et al., 2007; Mandin et al., 2017), but 
retail stores have received little attention. To date, no 
studies have been conducted to investigate IAQ in retail 
stores in France. In other countries, Loh et al. (2006), 
Nirlo et al. (2014), and Chan et al. (2015) reported a 
significant impact of the range of manufactured prod-
ucts present on VOC and aldehyde concentrations. 
Loh et al. (2006) measured VOC concentrations in sev-
eral non-residential microenvironments in the USA and 
found that, among the nine retail stores studied, average 
formaldehyde concentrations were highest (53 µg m−3) 
in household-goods stores. In the same study, toluene 
was the predominant pollutant, with an average concen-
tration of 76 µg m−3, in multi-purpose stores offering a 
wide variety of products. Nirlo et al. (2014) measured 
VOC concentrations and ventilation rates in 14 retail 
stores in Texas and Pennsylvania, USA. The indoor/
outdoor concentration ratios they reported indicated 
that indoor sources were the main contributors to in-
door VOC contamination for most compounds. In their 
study, the highest concentrations of formaldehyde were 
measured in an office-equipment store with 48 µg m−3 
and a furniture store with 82 µg m−3. Shang et al. (2016) 
measured formaldehyde concentrations in four malls in 
China, investigating multiple stores in each mall. They 
reported average concentrations varying from a few tens 
to 200 µg m−3. An exceptionally high concentration, up 
to 600 µg m−3 of formaldehyde, was measured in a home 
textile store.

While these few studies hint at how the prod-
ucts sold affect IAQ in these commercial buildings, no 
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specific study has been conducted on the associated 
storage spaces. Nevertheless, some employees work all 
day long in such areas, receiving and unpacking goods, 
placing products on hangers or shelves, or collecting 
and bringing pre-purchased goods to the showroom. 
The question of retail workers’ occupational exposure 
to VOCs clearly needs to be investigated. This type of 
investigation is a part of the French ESQUISSE project 
(Robert et al., 2018a,b), characterizing air quality in 10 
retail stores in different locations in each building.

This article focuses on IAQ and worker exposure 
in storage areas. The monitoring data collected in this 
study, in particular formaldehyde, toluene, and TVOC 
concentrations, were used to investigate IAQ differences 
between sales and storage areas. Monitoring data from 
an employee unpacking a batch of shoes was used to de-
termine whether a specific task would result in higher 
exposure.

Finally, many studies report that temperature and 
environmental conditions influence VOC emissions 
(Haghighat and de Bellis, 1998; Wolkoff, 1998; Kim and 
Kim, 2005). Some storage areas have low thermal insu-
lation, and outdoor temperatures vary widely between 
winter and summer, therefore we performed an IAQ 
study in one store in two seasons: winter and summer. 
The objective was to determine whether indoor temper-
atures correlate with concentrations of VOCs, formalde-
hyde, or toluene.

Methods

Store description
The ESQUISSE project characterized IAQ in 10 retail 
stores. The stores were selected based on the type of 
products sold, with the aim of investigating the relation-
ship between new manufactured products and IAQ. All 
the stores are located in France: six near Paris, one in 
Northern France, two in the Northeast, and one in the 
South of France. The buildings include eight stores open 
to the public (selling sporting goods, footwear and lea-
ther goods, furniture, automotive equipment, clothing, 
do-it-yourself products and household appliances, and 
a general bazaar) and two storage areas (online sales 
and books).

For this study investigating IAQ in storage areas, 5 
of the 10 retail stores were selected. Three were chosen 
based on the type of work performed in the storage 
areas: furniture, clothing, and sports stores. Some em-
ployees spend their entire working day in the storage 
area for the furniture store. These employees use lifting 
and transport equipment, to receive, unpack, and place 

the furniture packages on racks and then, depending on 
the purchases, continuously supply the goods to cus-
tomers collecting them. In the clothing store, the two 
main basement storage rooms were very busy places 
for employees, with several employees working con-
tinuously for periods of up to 4 h unpacking parcels of 
clothing and preparing clothes by arranging them on 
shelves or putting them on hangers. Finally, the sports 
equipment store has a storage area where employees 
come regularly throughout their working day but over 
fairly short periods to pick up an article or receive a 
delivery. Two other stores, the shoe and leather goods 
store, and the general bazaar, were selected to study a 
specific work task performed in a storage space. In the 
shoe and leather goods store, the task was verifying an 
order upon delivery. For the general bazaar, the task was 
unpacking a batch of 12 pairs of sneakers.

Four stores were monitored in summer, and only the 
bazaar was monitored in winter, where the sales area but 
not the storage space was heated. In terms of fresh air 
ventilation or air conditioning equipment, three of the 
five stores (furniture, sports equipment, and clothing) 
were equipped with a fresh air supply system only in the 
sales areas; none of the five shops had ventilation in the 
storage spaces.

The sizes of the buildings ranged from 380 to 15 300 
m2. Most of the stores were independent buildings lo-
cated in industrial zones. The shoe and leather goods 
shop was located in a shopping centre, and only the 
clothing shop was located in the city centre. The sur-
face area devoted to storage is specified for each store 
in Table 1. A minimum of four measuring locations was 
chosen per store to cover both sales and storage areas. 
When the surface area of the building was very large or 
when the goods on offer were very different or arranged 
in a particular layout, then the number of indoor meas-
urement locations was increased to 5.

Sampling strategy and analysis to characterize 
air quality
At each store, a measurement campaign was conducted 
on a single working day during the opening hours of 
the store, generally between 10:00 am and 6:00 pm. In 
each store, between four and seven measurement loca-
tions were chosen to represent the main workspaces, 
favouring sales, and storage areas. The layout and size 
of the stores equipped with measurement devices varied. 
Some were on a single level, others on several floors. To 
increase the storage capacity, some stores have installed 
a mezzanine in the storage area. Fig. 1 shows the layout 
of the five stores investigated in this study, and the 
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locations of the measuring points. The number of points 
located in each area, sales or storage, was dictated by 
the size of each area (Table 1). A measurement point in 
the nearby outdoor environment was also systematic-
ally included for each site. All analysers and samplers 
were placed in wire mesh racks at 1.4 m above floor 
level. These racks were specially designed for this study 
to ensure that customers and workers could not inter-
fere with the measurements.

E-instrument real-time AQPRO analysers were used 
to measure air temperature, relative humidity, and 
carbon dioxide concentrations with a 30-s recording 
step. Temperature was measured using a PT100 probe 
with an accuracy of ±0.4°C. Relative humidity was 
measured using a capacitive probe with an accuracy of 
±2% of the measured value. The CO2 concentration was 
measured after taking a continuous air sample in a non-
dispersive infrared cell. The accuracy of the CO2 meas-
urement was 2% of the measured value ±10 ppmv.

Toluene was sampled on TENAX TA adsorbent tubes 
at a flow rate of 30 ml min−1 for 6 h, followed by thermal 
desorption and gas chromatography analysis in accord-
ance with standard ISO 16000-6 (2011). The concentra-
tion is expressed in µg m−3 of air, with an uncertainty 
of 30% in the value reported. The limit of quantifica-
tion (LOQ) was 0.1 µg m−3. Analysis of TENAX tubes 
also provided the TVOC concentration expressed as a 

toluene equivalent for VOCs eluted between 5 and 20 
carbon element compounds.

Formaldehyde was sampled on a DNPH cartridge at 
a flow rate of 300 ml min−1 for 6 h. The cartridges were 
then analysed by high performance liquid chromatog-
raphy in accordance with standard ISO 16000-3 (2011). 
Formaldehyde concentrations were expressed in µg m−3 
of air with an uncertainty of 25% for the given value. 
The LOQ for this method was 0.4 µg m−3.

Sampling strategy for analysing worker 
exposure
To directly investigate worker exposure, measure-
ments were carried out in two stores selling shoes: the 
shoes and leather goods store and the general bazaar. 
One employee from each store was fitted with a har-
ness containing a real-time photoionization detector 
(PID) to measure TVOCs during a work task carried 
out in the storage room. The sampling head of the 
analyser was located on the worker’s shoulder to be 
as close as possible to their airways. The PID detector 
was a ppbRAE3000 model from RAE SYSTEMS, 
France. TVOC concentrations were expressed in 
toluene equivalent, with an accuracy of 3% of the 
given value. Even though TVOC concentrations were 
expressed as toluene equivalent, these results cannot 
be compared with the TVOC values measured during 

Table 1. Store characteristics.

Characteristics Sports storea Shoes and  
leather goods

Furniture Bazaar Clothes store

Main products sold Sneakers, sports 

articles, clothes, 

etc.

Leather shoes 

and bags

Furniture, decorative 

objects, carpets, etc. 

Shoes, clothing,  

decorative goods,  

household  

products, etc.

Textiles for men, 

women, and 

children

Season Summer Summer Summer Winter Summer

Location of store Store in  

industrial estate

Store in 

Shopping  

centre

Store in industrial estate Store in  

industrial estate

Store in  

downtown 

Total surface area (m2) 900 300 15 300 4000 1200

Ceiling height (m) 5 3 11 7.6 8

Storage area (m2) 182 113 285 660 145

Number of measurement 

points in sales area

3 3 4 5 4

Number of measurement 

points in storage

1 2 2 1 3

Mechanical ventilation Yes, except 

storage area

No Yes, except storage area No Yes, except  

storage area

Heating No No No Yes, except  

storage area

No

aStore sampled in both summer and winter.
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the air characterization by sampling on TENAX tubes 
because the sampling times are very different.

In the shoes and leather goods store, reception and 
verification of a pallet of shoes was monitored. During 
this task, the employee opened each box making up the 
pallet to check that it corresponded to the order. The re-
cording lasted more than 80 min, with a 5-s recording 
frequency for the PID. In the bazaar, the employee un-
packed a single carton containing 12 pairs of sneakers 
stored in individual boxes. This highly repetitive task is 
relatively quick, lasting only 6 min. Consequently, in this 
case, the recording frequency for the PID was reduced 
to one second. For this task, the employee opened the 
carton and then each box of shoes, removed the crum-
pled paper inside one of the two shoes, attached a label 
to it, and placed the pairs of shoes on a trolley.

As fitting employees with measurement devices re-
quire professional and personal authorizations, only 
the leather goods and bazaar authorized us to equip 
employees and publish the results. However, in each 

of the other stores, the employees performed similar 
tasks.

Influence of indoor temperature on IAQ
The influence of seasonality, reflected by temperature 
variations, was studied in the sports store. The measure-
ments carried out were the same as those of the indoor 
air characterization with active sampling on specific 
supports for 8 h. Two measurement campaigns were 
conducted, in winter the measurements took place on 
31 January 2019, and in summer on 16 July 2019. For 
each campaign six measurement locations were chosen, 
three in the storage area, two in the sales area, and one 
outdoors. The storage area has a surface area of 182 m2 
spread over two floors, a ground floor and a mezzanine. 
Two measuring points were placed on the mezzanine (P1 
near cardboard boxes and P2 near bicycle tyres) and one 
on the ground floor (P3 near sport clothes) as shown in 
Fig. 2. In the sales area, the two measuring points were 
chosen close to the sales points for sneakers and bicycles 

Figure 1. Store layouts. (a) Sports store, (b) Shoes & leather goods store, (c) Bazaar, (d) Clothing store, (e) Furniture store 
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(P4 and P5, respectively). The location measurements 
were the same for the summer and winter campaigns. 
Temperature was measured at each location using 
AQPRO real-time analysers. The average temperatures 
reported correspond to the average of the temperatures 
recorded throughout the duration of sampling.

During the two campaigns, the store manager was 
asked not to store products just delivered in the chosen 
locations, this allowed us to consider only the influence 
of temperature on measurements.

Measurement summary
To help readers to gain a more comprehensive view, 
Fig. 3 provides a summary of all measurements carried 
out in the stores and their relative sampling durations.

Results and discussion

Indoor environment parameters in each store
Table 2 presents the average and minimum/maximum 
indoor air temperature, relative humidity, and CO2 con-
centration. Information on the average temperature and 
relative humidity of outdoor air on the day of meas-
urements is also provided. All stores except the bazaar 
were found to have an average indoor air temperature 
of between 22.8 and 27.6°C. As far as the bazaar is con-
cerned, the heating system, which was turned on the 
day of the measurement campaign, was not sufficient 
to maintain a comfortable temperature for customers 
and employees. The average temperature measured in 
this shop was 15.8°C with the minimum temperature of 
11.7°C in the storage area, where employees work all 
day. This value is below the comfort standards for this 
type of space: the French standard ISO 7730 (2005) re-
commends an indoor air temperature of between 18 and 
23°C in winter.

Average relative humidity in the stores ranged from 
35 to 45% and was within the comfort range recom-
mended by the French standard NF 7730, i.e. between 
30 and 70%.

The average CO2 concentration varied between 439 
and 811 ppmv. In two storage rooms in the clothing 
store, the daily CO2 concentration occasionally ex-
ceeded 1000 ppmv (1054 and 1205 ppmv—maximum 
value). The EN 16798-1 (2019) standard specifies a 
CO2 limit of 550 ppm above the outdoor concentra-
tion for indoor environments, which corresponds to 
around 1000 ppm based on an average outdoor CO2 
concentration of 400 ppm. Values above this threshold 
indicate that air change rate is not sufficient regarding 

Figure 3. Measurement timeline.

Figure 2. Measuring point locations in a sports store.
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the number of people in a given volume. In the case of 
the clothing store, the two storage rooms are not mech-
anically ventilated and are located in the basement 
and therefore cannot benefit from natural ventilation. 
They are typically very crowded areas, with several 
employees working continuously to unpack and hang 
clothes.

Storage areas more polluted than sales spaces
Table 3 presents the minimum, maximum, and average 
concentrations of formaldehyde, toluene, and TVOCs 
for each of the five stores studied. The results are 
grouped depending on whether the measurements were 
from the sales spaces or the storage areas. N corresponds 

to the number of measurements taken in each of these 
two areas.

The formaldehyde concentrations measured in the 
sales areas spanned a relatively narrow range from 8.0 
to 19.4 µg m−3. In storage areas, these concentrations 
varied between 14.2 and 45.0 µg m−3. For comparison 
and reference, the French occupational exposure limit 
value for formaldehyde is 625 µg m−3 and the indoor 
air guideline value established by ANSES is 100 µg m−3. 
Formaldehyde concentrations were consistently higher 
in storage areas than in sales areas for the same store. 
For example, in the clothing store, concentrations of for-
maldehyde in storage rooms varied between 29.0 and 
45.0 µg m−3, whereas in sales areas the concentrations 

Table 2. Indoor and outdoor air characteristics.

Characteristics Sports store Shoes and leather Furniture Bazaar Clothes store

Temperature (°C) 25.7 27.6 23.3 15.8 22.8

[24.9–26.9] [24.8–31.6] [22.4–24.2] [11.7–17.5] [21.6–24]

Relative humidity (%) 46.9 41.6 50.3 42.7 54.2

[43.4–48.9] [38.1–46.3] [47–53] [38.7–54] [50.6–58.1]

Carbon dioxide concentration (ppmv) 439 586 584 535 811

[379–477] [396–709] [470–682] [424–595] [595–1204]

Outdoor temperature (°C) 26.5 31 20.3 7.9 23.3

Outdoor humidity (%) 29 22.7 64.3 86.1 62.5

Table 3. Minimum, maximum, and average concentrations of IAQ indicators for each store.

Sale areas Storage area Outdoor R1-ratiob

N Min Max Mean N Min Max Mean  —

µg m−3 µg m−3 µg m−3 µg m−3 µg m−3 µg m−3 µg m−3 —

Sports store Formaldehyde 3 14.2 19.1 16.0 1 — — 25.8 2.6 1.6

Toluene 2.4 2.7 2.6 — — 157 0.7 60.4

TVOCsa 143 160 154 — — 413 31.0 2.7

Shoes and leather goods Formaldehyde 3 13.7 17.6 15.6 2 21.6 32.3 26.9 3.8 1.7

Toluene 67.6 148 112 224 252 238 10.3 2.1

TVOCsa 708 836 788 905 1025 965 61.4 1.2

Furniture Formaldehyde 4 11.6 19.4 15.1 2 26.6 27.5 27.1 1.1 1.8

Toluene 1.5 5.7 3.2 12.6 33.2 22.9 0.5 7.1

TVOCsa 198 369 255 757 955 856 19.8 3.4

Bazaar Formaldehyde 5 14.6 18.9 17.3 1 — — 14.2 1.9 0.8

Toluene 81.7 149 115 — — 87.6 2.1 0.8

TVOCsa 283 504 377 — — 457 58.0 1.2

Clothes store Formaldehyde 4 8.0 10.2 9.3 3 29.0 45.0 38.2 2.2 4.1

Toluene 4.9 7.1 5.6 8.1 77.7 44.5 5.4 8.0

TVOCsa 66.5 77.8 72.1 160 1223 845 11.8 11.7

aTVOCs expressed in µg m−3 toluene equivalent.
bR1 is the ratio of the average concentration in storage areas over the average concentration in the sales spaces.
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did not exceed 10.2 µg m−3. Only the general bazaar 
had a formaldehyde concentration in the storage area 
(14.2 µg m−3) that was slightly lower than in the sales 
area (17.3 µg m−3). This result can be explained by the 
difference in temperature between these two spaces and 
the very large volume of the storage space relative to the 
volume of products stored. The average temperature in 
the sales space for the bazaar was 16.7°C, whereas the 
temperature in the storage area was 11.7°C. VOC, and 
particularly formaldehyde, emissions are enhanced by 
higher temperatures. The very low indoor temperature 
in the storage area raises the question of working condi-
tions for employees in this storage space.

Toluene concentrations varied much more than for-
maldehyde levels. Depending on the type of store, in 
the sales areas they varied up to 10-fold, i.e. between 
1.5 µg m−3 in the furniture store and 149 µg m−3 in 
general bazaar. For reference, the French occupational 
exposure limit value for toluene is 76 800 µg m−3 and 
the indoor air guideline value established by ANSES 
is 20 000 µg m−3. Similarly, disparities were found in 
storage areas, where toluene concentrations varied be-
tween 8.1 µg m−3 in the clothes store and 252 µg m−3 
in the shoes and leather goods store, which had the 
highest toluene concentrations. Other authors, such as 
Tang et al. (2005), who have made similar measure-
ments in several shops in a single shopping centre in 
China also reported that leather goods had the highest 
BTEX (benzene, toluene, xylene, and ethylbenzene) 
values, particularly toluene.

In general, occupational exposure limit values were 
much higher than the concentrations measured in these 
stores. However, formaldehyde and toluene are com-
pounds defined as CMR, i.e. they belong to a category 
of particularly dangerous chemical substances as sources 
of risks with delayed effects. These compounds are either 
carcinogenic (C), mutagenic (M) which can cause genetic 
mutations, or toxic to reproduction (R). Nevertheless, as 
both compounds are CMRs, for prevention purpose the 
lowest concentrations are required.

TVOC concentrations varied between 66.5 and 
836 µg m−3 in toluene equivalent in sales areas, and be-
tween 160 and 1223 µg m−3 in toluene equivalent in 
storage areas. The variety of products sold, but also to 
the ventilation in each building can explain this concen-
tration range. Indeed, the shoe and leather goods store, 
and the bazaar, where the highest maximum concentra-
tions of TVOCs were measured, with 836 and 504 µg 
m−3 in toluene equivalent in the sales areas, respectively, 
are not mechanically ventilated. However, in general, 
TVOCs once again show a worse IAQ in storage areas 
than in sales areas. For example, in the clothes store, 
TVOCs in the two main storage areas reached 1153 and 

1223 µg m−3 toluene equivalent, whereas they did not ex-
ceed 80 µg m−3 toluene equivalent in the four sales areas. 
In the two storage areas of the furniture store, TVOC 
concentrations varied between 757 and 955 µg m−3 
toluene equivalent, whereas in the sales areas they did 
not exceed 369 µg m−3 toluene equivalent.

Outdoor air concentrations are also provided in 
Table 3. These concentrations were extremely low com-
pared with those measured indoors, thus highlighting 
the significant impact of VOCs emitted by marketed 
products on IAQ. Numerous studies have already shown 
that indoor environments are significantly more polluted 
than outdoor environments due to the multitude of VOC 
sources indoors e.g. from building products, furniture, 
and decorative articles.

Finally, the R1-ratio was calculated for each indi-
cator, as the ratio of the average concentration in storage 
areas over the average concentration in the sales spaces 
in each building. This ratio highlights the difference in 
terms of IAQ between sales spaces and storage areas. 
Table 3 shows that almost all R1-ratios were greater than 
1, and thus storage areas were more polluted than sales 
areas. Indeed, the largest R1-ratios reveal storage areas 
where pollution levels were more than 2- to more than 
60-fold higher than sales areas. The furniture, clothing, 
and sports equipment stores had the highest R1-ratios 
for all three IAQ indicators. In these three stores, sales 
areas were equipped with fresh air ventilation for the 
comfort of customers, and combined with large volumes 
of the stores, helped to reduce VOC concentrations by 
dilution. This was particularly the case in the clothing 
store, where VOCs in storage areas were up to 11 times 
greater than TVOCs in the sales area; and in the sports 
store, where toluene was up 60 times higher in the 
storage area. In these cases, the storage rooms are not 
mechanically ventilated and are generally very densely 
packed. In addition, in the clothing store the two main 
storage rooms are located in the basement, and therefore 
cannot benefit from natural ventilation.

Indoor concentrations in storage areas in almost every 
store studied were higher than in sales areas. The lack of 
mechanical fresh air supply combined with bulk storage 
of new products with a high VOC emissive potential 
favours the disparities observed between the sales and 
storage areas. Observation of working conditions in these 
storage spaces revealed that each store has its own type of 
operation. In some stores, employees go regularly to the 
storage areas for short periods, either to receive a pallet of 
goods or to collect a product to restock the sales area. This 
was the case in the sports equipment store. In other cases, 
such as in the textile and leather goods stores, in addition 
to receiving deliveries, employees could work continu-
ously for several hours unpacking and placing goods for 
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sale on hangers or display units, before transporting them 
to the sales area. Finally, in other structures, particularly 
in the furniture store, some logistics employees worked 
continuously in the storage area transporting supplies to 
collection points, where customers pick up the products 
they selected earlier in the showroom. The type of use of 
these storage areas by employees, combined with the poor 
IAQ in these areas, raises questions as to their associated 
occupational exposure.

Worker exposure during a work task
Figs 4 and 5 show how the TVOCs to which employees 
are exposed changes during a work task in retail stores.

Fig. 4 shows data for an employee in the shoe and 
leather goods trade. The ordinary work of this employee 
is to tidy up the store and the storage space, to restock 
the showroom from storage, to inform customers, and 
to help them try on shoes. However, during this VOC 
monitoring campaign, we chose to monitor exposure 
during the delivery of products and order verification. 
The monitoring lasted 5000 s, i.e. about 1 h and 20 min. 

During period I, the employee checked the delivery of 
a pallet of shoes. The tasks involved were removing the 
plastic film from the pallet, opening each carton on the 
pallet, and, inside each carton, opening a sample product 
to check that the delivery corresponds to the order. This 
specific task lasted a little over 20 min and started about 
400 s after the employee was equipped. A first emission 
peak was observed as soon as the plastic film was re-
moved, reaching about 2400 µg m−3 toluene equivalent 
of TVOCs. The opening of each carton containing prod-
ucts, handbags, or leather shoes, led to a maximal peak 
of TVOCs at about 4800 µg m−3 of TVOCs equivalent to 
toluene. Even though this task is short-lived compared 
with the length of a working day, it contributes signifi-
cantly to this employee’s occupational exposure. Indeed, 
the average TVOCs corresponding to the employee’s 
more usual tasks (period II) is 710 µg m−3 toluene 
equivalent of TVOCs. The emission peaks to which the 
employee is exposed during delivery verification are 
nearly 7-fold higher. This store receives one or two pal-
lets a day.

Figure 4. Employee’s exposure while receiving a delivery of leather shoes.

Annals of Work Exposures and Health, 2020, Vol. XX, No. XX 9

D
ow

nloaded from
 https://academ

ic.oup.com
/annw

eh/advance-article/doi/10.1093/annw
eh/w

xaa103/5956110 by N
eil D

avey on 04 D
ecem

ber 2020



Fig. 5 shows the temporal changes to the TVOCs 
emitted during unpacking of a carton of 12 pairs of 
shoes. These shoes are pairs of sneakers each placed in 
an individual shoe box. Monitoring of this task was per-
formed in the storage area of the general bazaar, where 
employees can be stationed for up to 4 h performing the 
same type of work task. In this particular case, the task 
lasted nearly 300 s, or 5 min.

Air monitoring in storage areas before and after 
opening of shoes boxes showed fluctuations between 
590 and 700 µg m−3 toluene equivalent, as shown in the 
first and last tens of seconds in Fig. 5. The dotted line 
on the graph in Fig. 5 indicates this maximum storage 
air concentration to better differentiate the influence of 
the employee’s task from variations in the environment 
where the work takes place. In Fig. 5, the opening of the 
12 sneaker boxes clearly created 12 distinct peaks of 
TVOC emissions above this value of 700 µg m−3 toluene 
equivalent. These emission peaks varied between 800 and 
1364 µg m−3 toluene equivalent. The variability of emis-
sion peaks depends directly on the movements and pos-
ture of the employee when handling the shoes. Indeed, 
the highest peaks were measured when the employee car-
ried the shoe close to her face and therefore to her re-
spiratory tract, as shown in the third photo in Fig. 5.

The duration of emission peaks, corresponding to 
times when the TVOC concentration exceeded 700 µg 
m−3, was 142 s out of the 300 s total monitored, i.e. al-
most half the duration of the task. The integration of each 
peak as a function of time makes it possible to estimate 
the average concentration to which the employee was ex-
posed. The average concentration of TVOCs due to the 
opening of shoe boxes was 855 µg m−3 toluene equiva-
lent, whereas at the same time the air in the storage area 
contains 647 µg m−3 toluene equivalent, a difference of 
more than 200 µg m−3 toluene equivalent. Even if this dif-
ference only applies to this model of shoe, Fig. 3 shows 
the very significant potential impact on worker exposure 
of unpacking new products with a high VOC emission. 
A next step in this work will be to identify and quantify 
the TVOCs emitted, to link toxicity and exposure, which 
was beyond the scope of this initial approach.

Influence of indoor temperature on pollutant 
concentrations
Table 4 presents the results for formaldehyde, toluene, 
and TVOC concentrations in the same sports store in 
two seasons. The measurement locations were selected 
in the sales area and the storage areas, as air renewal 
and conditioning, and layout in these areas were very 

Figure 5. Employee’s exposure during unpacking of a 12-pair box of sneakers.
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different. The sales area benefits from air renewal, with 
air that is heated in winter and cooled in summer via 
an air-handling unit. This central unit carries only fresh 
air and provides an air volume of 13 000 m3 h−1, which 
corresponds to an air renewal rate of almost 3 vol h−1. 
The sales area is spacious, and on a single floor, allowing 
the display of a range of goods and facilitating customer 
movement. In contrast, the storage space is very crowded 
with new products. A mezzanine offering additional 
storage space has been created directly under the metal 
cladding. There is no mechanical ventilation in this space.

During the summer campaign, the average day-
time outdoor air temperature was 30.2°C; during the 
winter campaign, it was 3.5°C. Indoor temperatures 
ranged from 22.3 to 26.7°C during the summer cam-
paign and 10.5 to 22.6°C during the winter campaign. 
The warmest temperatures in summer, the coldest in 
winter, and broadest temperature variations between the 
two campaigns were all measured for the storage area. 
Temperature differences between summer and winter 
were up to 11.8 and 14.8°C. The most extensive differ-
ences were measured on the mezzanine (points P1 and 
P2). In contrast, thanks to the air treatment, only small 
temperature differences (1.8 and 3.1°C) were measured 
in the sales area between the summer/winter campaigns.

Table 4 details the concentrations of formaldehyde, 
toluene, and TVOCs measured at the five sampling points. 
These data highlight the significant influence of indoor 
temperature on the concentration of a given compound. 
An R2-ratio, corresponding to the ratio of the concentra-
tion measured in summer over the concentration meas-
ured in winter, was calculated for each compound. In the 

three measurement locations in the storage space (P1 to 
P3) this R2-ratio ranged between 3.6 and 13.5. In the sales 
area, it ranged from 1.6 to 3.6. Whatever the compound 
and the measurement location, the R2-ratios always ex-
ceeded 1, indicating that in summer the indoor concen-
trations for the three compounds measured were always 
higher than those measured in winter. However, the dif-
ference was more marked in the storage area than in the 
sales area, due to the wider seasonal differences in tem-
perature. For example, for toluene, at the P2 point, where 
the maximal temperature difference between summer 
and winter was measured (14.8°C), the concentration in-
creased by nearly 150 µg m−3 in summer compared with 
the winter value of 11.9 µg m−3.

The observation of VOC concentrations as a function 
of indoor air temperature for the three compounds meas-
ured for the five measurement points clearly reveals both 
the highest temperature gaps and the greatest differences 
in concentration between winter and summer periods 
for the storage areas. The IAQ appears more homoge-
neous indoors, whatever the area, in winter. In contrast, 
large differences in VOC concentrations were visible in 
the summer between the sales and storage areas. These 
differences were particularly marked for formaldehyde 
and toluene. Thus, formaldehyde ranged between 43.9 
and 83.1 µg m−3 in the storage area, compared with be-
tween 13.7 and 16.5 µg m−3 in the sales area in summer, 
whereas toluene ranged from 76.6 to 251 µg m−3 in the 
storage area compared with from 12.1 to 21.0 µg m−3 in 
the sales area.

The concentration differences observed in the two 
areas, sales or storage, between each measuring points 

Table 4. Temperature, formaldehyde, toluene, and TVOC concentrations in the same sports store in two seasons.

P1—storage: 
carton boxes

P2—storage:  
bicycle tyres

P3—storage: 
sport clothes

P4—sales: 
sneakers

P5—sales: 
bicycles

Outdoors

Temperature (°C) Winter 11.4 11.9 10.5 21.4 22.6 3.5

Summer 23.8 26.7 22.3 24.5 24.4 30.2

Difference 12.4 14.8 11.8 3.1 1.8 n.e.

Formaldehyde (µg m−3) Winter 16 15.9 11.0 6.1 5.9 1.7

Summer 83.1 68.9 43.9 16.5 13.7 2.9

Ratio R2
a 5.2 4.3 4.0 2.7 1.7 n.e.

Toluene (µg m−3) Winter 9.9 11.9 25.4 8.5 7.5 1.0

Summer 76.6 160.4 251.2 21.0 12.1 1.2

Ratio R2
a 7.7 13.5 9.9 2.5 1.6 n.e.

TVOCs (µg m−3  

toluene eq.)

Winter 93.9 93.5 159.1 91.1 78.4 63.6

Summer 442 583 575 324 262 16.0

Ratio R2
a 4.7 6.2 3.6 3.6 3.3 n.e.

n.e., not estimated.
aR2 is the ratio of the concentration in summer over the concentration in winter.
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reflect differences in the types of products stored. Thus, 
significant differences in concentrations were observed 
for example for toluene or TVOCs between the points 
P1 and P2 (respectively for toluene 76.6 and 160 µg m−3 
or for TVOCs 442 and 583 µg m−3), even though both 
are located in the mezzanine of the storage area. The im-
pact of the products stored on the nature and concentra-
tion of VOCs emitted was not investigated in this paper.

Conclusion

Through multiple approaches, the results of this study 
provide new data on worker’s exposure to VOCs when 
working in retail storage areas.

A first approach presents the difference in IAQ in terms 
of formaldehyde, toluene, and TVOC concentration be-
tween the sales areas and the storage areas of five stores 
selling various products: furniture, clothes, sports goods, 
leather shoes, and multi-goods in a bazaar. These stores 
were chosen to represent a range of possible work situ-
ations for employees in the storage areas: from a few min-
utes or several hours of work to a full day. Regardless of 
the business, the results revealed a marked deterioration in 
IAQ in the storage areas compared with sales areas. In the 
clothes store, TVOCs were up to 11 times more concen-
trated in the storage space. In the furniture store, toluene 
was in average concentration 7 times higher in the storage 
space than in the corresponding sales space. The lack of 
air exchange may be responsible of this increase in VOC 
concentrations in storage areas. The CO2 concentration, 
exceeding 1000 ppmv in the storage areas of the clothing 
store, supports this hypothesis.

A second approach used two examples to study 
the impact of specific tasks for employees working in 
storage areas. The first examined the exposure to which 
an employee checking a delivery in the shoe and leather 
goods trade is subjected, and the second investigated ex-
posure for an employee unpacking boxes of sneakers in 
the bazaar. This second approach, with real-time meas-
urements, highlighted the extent to which handling new 
products and opening boxes can contribute to worker 
exposure.

Finally, through the study of two IAQ measurement 
campaigns in the same sports equipment store in two 
seasons, the influence of indoor temperature on formal-
dehyde, toluene, and TVOC concentrations was investi-
gated. Since the storage space in this sports store is not 
ventilated, unlike the sales space, and has a double floor 
under the attic, very marked temperature differences 
were recorded between winter and summer. The tem-
perature in summer increased by almost 15°C compared 
with winter temperatures in this area, which contains 

many new products. Consequently, concentration levels 
were up to more than 13-fold higher in summer than in 
winter at the same location.

This study clearly raises the issue of worker exposure 
to VOC when working in storage areas. Multiple ap-
proaches indicated that several factors can affect IAQ in 
storage spaces. Thus, solutions to improve IAQ should 
be based on ventilation of these spaces, and on better 
thermal insulation of the building. Employee exposure is 
also affected by the tasks performed, and particularly if 
products that have just been delivered must be handled, 
as they may still be emitting VOCs at high levels. These 
factors should be taken into consideration to limit em-
ployee exposure.
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