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Abstract: Examining the indoor air environment of public venues, especially populated supermarkets
such as Co-Ops in Kuwait, is crucial to ensure that these venues are safe from indoor environmental
deficits such as sick building syndrome (SBS). The aim of this study was to characterize the quality of
the indoor air environment of the Co-Ops supermarkets in Kuwait based on investigation of CO2, CO,
NO2, H2S, TVOCs, and NMHC. On-site measurements were conducted to evaluate these parameters
in three locations at the selected Co-Ops, and the perceived air quality (PAQ) was determined
to quantify the air’s pollutants as perceived by humans. Moreover, the indoor air quality index
(AQI) was constructed for the selected locations, and the ANOVA test was used to analyze the
association between the observed concentrations among these environmental parameters. At least
in one spot at each Co-Op, the tested environmental parameters exceeded the threshold limit set
by the environmental agencies. The PAQ for Co-Op1, 2, and 3 are 1.25, 1.00, and 0.75 respectively.
CO2 was significantly found in an association with CO, H2S, and TVOCs, and its indoor-outdoor
concentrations were significantly correlated with R2 values ranges from 0.40 to 0.86 depending on the
tested location.

Keywords: indoor air quality; sick building syndrome; perceived air quality; air pollution

1. Introduction

1.1. Co-Ops Supermarkets

The 73 Co-Operative (Co-Op) supermarkets in Kuwait are attractive and modern supermarkets
scattered within the State of Kuwait. Each residential area in Kuwait has its own Co-Op which is
managed by an elected board from the people who reside in that area and oversighted by the Social
Affairs Ministry. The customers, who can be shareholders by paying the membership registration fee,
are usually from the population in that residential area. At the end of each fiscal year, shareholders are
rewarded 10% of their total purchasing during the year. Co-Ops are more like showrooms that allow
vendors to show their goods, the price and quality of which are controlled by the board management.
Therefore, for the benefit of the population, it is not permissible by law to establish a grocery business in
the Co-Op’s residential area except if that residential area allows commercial activities, which was found
to be very limited. Hence, Co-Ops have the advantage of being the only source of groceries for residents
living in that certain area. For these reasons, and for the competitive price they provide, Co-Ops
are very popular and attractive supermarkets in Kuwait. Studying how healthy these supermarkets’
buildings are and how safe the customers and the workers are from exposure to modern-day air
pollutants such as carbon dioxide CO2, carbon monoxide CO, nitrogen dioxide NO2, hydrogen sulfide
H2S, total volatile organic compounds TVOCs (including styrene and benzene), and non-methane
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hydrocarbons NMHC is crucial. To the best of the authors’ knowledge, no study has been performed
to examine the indoor air quality of these Co-Ops supermarkets.

1.2. Indoor Air Quality (IAQ) Parameters

The issue of indoor air pollution of occupied buildings still draws public concern as several
pollutants from various inside and outside sources have been detected within the indoor environments.
In addition to the socio-economic impact of these indoor air pollutants, the occupants’ health is
also threatened significantly [1]. Several studies [2–5] reported that CO2, CO, NO2, H2S, TVOCs,
and NMHC, among other indoor pollutants, are risk factors of Sick Building Syndrome (SBS). CO2 is
mainly responsible for the discomfort of breathing and is an indicator of human bioeffluents. Exposure
to a low CO concentration level can cause headache, malaise, and fatigue [6]. For example, inhaling
10 ppm CO can lead to carboxyhemoglobin (HbCO) levels of 2% [7], where HbCO is responsible of
oxygen reduction and anemic hypoxia [8]. TVOCs in indoor environment are linked with both asthma
and rhinitis [9] and may cause skin, melanoma, lung and endocrine-related cancers [1]. The Agency
for Toxic Substances & Disease Registry (ATSDR) has published public health statements (reports) for
some indoor pollutants, and it was found that H2S may cause eye, nose and throat irritation, difficulty
breathing, poor memory, tiredness, and balance problems [10]. Nitrogen dioxide, NO2, in the breathing
air can cause cough, fluid buildup in the lungs, and nausea, while high levels may lead to death [11].
Therefore, it is extremely important to assess, monitor, and control indoor air environments, especially
highly and frequently populated places. Due to their frequent occurrence in indoor environments and
their serious health impacts to humans, these pollutants were chosen for this study.

1.3. Perceived Air Quality (PAQ)

In 1987, Fanger [12] introduced a new unit, decipol, to quantify the air’s pollutants as perceived
by humans. Since then, researchers have widely used this concept as it reflects the indoor occupants’
needs and comfort [13]. The perceived air quality was derived from subjective measurements by which
the occupants were asked to express their satisfactions with air quality on a −1 to + 1 scale.

1.4. Indoor Air Quality Index (AQI)

The Indoor Air Quality Index (AQI) is a numerical communication scale between the environmental
agencies and the public to inform them of how clean or unhealthy the air is. Unfortunately, the AQI
used by environmental agencies is used only for outdoors and for very limited pollutants. For example,
the Environmental Protection Agency in the United States (EPA-US) only calculates the AQI for four
pollutants: ozone, particulate matter, CO, and sulfur dioxide [14]. Some researchers [15,16] have tried
to overcome these limitations and to establish an indoor AQI for several pollutants. Saad et al. [15]
developed a breakpoints table for indoor pollutants such as CO2, CO, NO2, and TVOCs, by which AQI
for indoor environments can be calculated.

1.5. Study Objectives

The aim of this study was to characterize the quality of the indoor air environment of the Co-Ops
supermarkets in Kuwait based on investigation of CO2, CO, NO2, H2S, TVOCs, and NMHC.

2. Materials and Methods

2.1. Co-Operatives Locations and Description

This study was conducted in three co-operative supermarkets in three different residential areas
that belong to the Capital Governorate, Kuwait. Co-Op 1, Co-Op 2, and Co-Op 3 are located in
residential area 1, Adailia, residential area 2, Qurtoba, and residential area 3, Khaldia, respectively.
Figure 1 shows the geographical locations of the Co-Ops under study. Tables 1 and 2 summarize the
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main characteristics of the residential areas and the Co-Ops under study, respectively. The population
for each residential area was obtained from the Public Authority for Civil Information (PACI), Kuwait.
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Table 1. The main characteristics of the residential areas.

Residential Area Population 1 Female Male

1, Adailia 21636 11292 10344
2, Qurtoba 33691 17748 15943
3, Khaldia 19193 9928 9265

1 Residential area population. All the population’s data are from PACI.

Table 2. The main characteristics of the Co-Ops.

Co-Op 1 Co-Op 2 Co-Op 3

Number of shareholders 7811 6000 6868
Building Establishment 1980 1992 2008

Type of ventilation Mechanical Natural Mechanical Mechanical
Area, m2 2850 2869 3500

Floor Level 2 (Ground and
Upper floor)

2 (Ground and
Upper floor)

3 (Basement, Ground,
and Upper floor)

Distance from the main door
to the parking lot (m) 2.5 20.5 21.7

Floor levels transportation Elevator Escalator Elevator Escalator Elevator Escalator
Parking Bays 2 3 2

As Table 2 shows, Co-Op 1 and Co-Op 2 consist of two floor levels, while Co-Op 3 has an
additional basement level. However, the design of the three Co-Ops are similar. In all the three Co-Ops,
the ground level is designated for groceries, and the upper level is occupied by stores with different
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activities, such as a coffee shop, electronics, clothing, etc. The basement level in Co-Op 3 includes
a stationary section and some groceries as well. Three spots in each Co-Op were selected in which
the measurements were taken. To reduce the variability, the selected spots in the three Co-Ops were
chosen to be the same activity. Therefore, spot 1 (S1) in the three Co-Ops was the vegetable section.
Spot 2 (S2) was chosen to be the detergent section, and spot 3 (S3) was chosen to be the upper level
where the individual stores were.

2.2. On-Site Measurements

In this study, six pollutants as indicators for the indoor of the Co-Ops’ air quality were measured,
namely, carbon dioxide CO2, carbon monoxide CO, nitrogen dioxide NO2, hydrogen sulfide H2S, total
volatile organic compounds TVOCs, and non-methane hydrocarbons NMHC. These indoor pollutants
were measured with a portable air quality monitor (Aeroqual, Auckland, New Zealand, model: Series
500) with the appropriate indoor air quality sensors (Aeroqual sensors). The operational range of
temperature and relative humidity are 0 to 40 ◦C and 10% to 90%, respectively, for all the sensors.
Table 3 shows the specifications of the sensors used in this study. The sensors of CO, NO2, and H2S
are gas sensitive electrochemical (GSE) sensor, in which a pollutant reaches the sensing electrode and
an electrochemical reaction occurs causing electrons to flow at a level proportional to the pollutant
concentration [17]. A common shortcoming of GSE sensors is their cross-sensitivity with similar
molecules types [18]. CO2 concentration is detected by a nondispersive infrared (NDIR) sensor. NDIR
sensor measures the difference between the amount of light received by the detector and the amount of
light radiated by the infrared lamp; hence, CO2 molecules are quantified based on that difference [17].
TVOCs contamination is measured by a photo-ionization detector sensor (PID). In PID, the ultraviolet
(UV) light’s energy removes an electron from the VOC molecule, which becomes a positively charged
molecule and as a result, a flow of current is generated. The amount of resulting current is proportional
to VOC’s concentration [19]. PID sensors’ lenses are expected, with usage, to be contaminated by
dust and/or dirt; therefore, the lens must be cleaned frequently. NMHC is measured by gas sensitive
semiconductor (GSS) sensor [20,21]. The literature has revealed that these sensors are reliable and they
have been used by several studies [18,19,22–28].

Table 3. Sensor specifications.

Sensor Type Range (ppm) Minimum Detection Limit (ppm) Accuracy of Factory Calibration

CO2 NDIR 0–2000 10 < ± 10 ppm + 5%
CO GSE 0–100 0.2 < ± 10%

NO2 GSE 0–1 0.005 < ± 0.02 ppm
H2S GSE 0–10 0.04 < ± 0.05 ppm

TVOC PID 0–20 0.01 < ± 0.02 ppm + 10%
NMHC GSS 0–25 0.1 < ± 0.1 ppm + 10%

The sampling point height in each spot and for each pollutant was designated to match the human
respiratory height (between 1.3–1.6 m). In each spot and for each pollutant, to ensure the representative
number of 15–20 data points, measurements were taken at a 1 min interval and for a 15 min duration
as an adaptation of the method introduced by [18], except that this study emphasized on three time
intervals, namely morning, noon, and evening. Shortly after, the data were transferred directly to a PC
software via USB for further data analysis. The popular times for customer visits were determined
by two means; firstly, by asking the working staff at Co-Ops; and secondly, by using the information
provided by Google’s aggregated and anonymized data from customers who have opted into Google
location history. These measurements were conducted three times: morning, noon, and evening.
This was the case for each induvial pollutant in each allocated spot and for each Co-Op.

Air temperature and relative humidity were measured with a multifunctional digital anemometer
(Mastech MS6252B, Brea, California, USA). Distance and areas were measured with a laser meter (Lecia
model: DISTOTMD1, Zamudio, Spain).
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2.3. Indoor Air Quality Indicators

Standards regulating indoor air quality parameters for non-occupational environments such as
supermarkets lies in an inexplicit area. They are less definitive than the standards governing thermal
comfort, for example [29]. This ambiguity in definition may refer to the unclear differentiation between
how experts look to these standards for both safe the concentration level and the acceptable risk
level [30]. If this problem is overstepped, however, there is a consensus in literature to adopt some
common guidelines for indoor air quality pollutant values, which can be expressed as threshold
concentrations above which negative health effects may arise. In addition to national and local
environmental agencies, the World Health Organization (WHO), the American Society of Heating and
Air-Conditioning Engineers (ASHRAE), California Ambient Air Quality Standards (CAAQS) provide
prominent regulatory reports on indoor air quality assurance. A summary of the threshold limits
paired with exposure duration (averaging period) for the indoor environment pollutants that have
been examined in this study is shown in Table 4.

Table 4. Indoor Air Quality (IAQ) pollutant values recommended guidelines.

Pollutant Standard (ppm) Averaging Period Organization Ref.

CO2 1000 - ASHRAE [31]
1000 - Norway IAQ Regulations
1000 - Portugal IAQ Regulations

CO 8.732
6.110

8 h
Daily Max. WHO

8.732 8 h EPA-KW 1 [32]
2.620 - Lithuania IAQ Regulations
5.240 30 min Romania IAQ Regulations

NO2
0.053
0.250

1 y
24 h ASHRAE [31]

0.106
0.021

1 h
1 y WHO

0.106 1 h EPA-KW
0.053 1 h Norway IAQ Regulations

H2S 0.030 1 h CAAQS
TVOCs 0.166 (As Acetaldehyde) 8 h ASHRAE [31]

0.189 (As Benzene) 1 h ASHRAE [31]
NMHC - - -

1 Environmental Protection Authority–Kuwait.

2.4. Indoor Air Quality Index (AQI)

This study adopted the indoor AQI breakpoints categories table developed by Saad et al. [15] for
several pollutants, including CO2, CO, NO2, and TVOCs in which a sub-index is calculated from a
segmented linear function that transforms indoor targeted concentrations onto a scale ranging from
100 to 0, as shown in Table 5. Each sub-index i is calculated by using a segmented linear function
that relates pollutant concentration Xi to sub-index value Ii. A segmented linear function consists of
straight-line segments joining discrete co-ordinates (i.e., breakpoints). For pollutant i and segment j,
the co-ordinates of the jth breakpoints are represented by sub-index value Ii,j and the concentration
Xi,j giving the ordered pair (Xi,j, Ii,j). If the observed concentration is Xi, the corresponding sub-index
value Ii is calculated using Equation (1) over the concentration range:

Ii =
Ii,j+1 − Ii,j

Xi,j+1 −Xi,j
·

(
Xi −Xi,j

)
+ Ii,j (1)

then, the overall pollutant standards index is the maximum or the minimum of the calculated
sub-indices, depending on the appropriate form of Equation (1) which is originally an interpolation
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equation and its range differs from the outdoor form (usually from 0 to 500) and the indoor form with
a range of 100 to 0. As a result, the safest value in the outdoor range is the value that approaches zero,
while the worst value of the indoor limits is the value that approaches zero. The variables of Equation
(1) are as follow:

Ii = Index value for pollutant i
Xi = Concentration of pollutant i
Xi,j = Lower Breakpoint value of the concentration
Xi,j+1 = Higher Breakpoint value of the concentration
Ii,j+1 = Index Breakpoint value of Xi,j+1
Ii,j = Index Breakpoint value of Xi,j

Table 5. AQI breakpoint categories given by [15].

Level of Health Concern AQI CO2 (ppm) CO (ppm) NO2 (ppm) VOC (ppm)
Good 100–76 340–600 0.0–1.7 0.000–0.021 0.000–0.087

Moderate 75–51 601–1000 1.8–8.7 0.022–0.080 0.088–0.261
Unhealthy 50–26 1001–1500 8.8–10 0.090–0.170 0.262–0.430
Hazardous 25–0 1501–5000 10.1–50 0.180–5.000 0.440–3.000

2.5. Perceived Air Quality (PAQ)

The Perceived Air Quality (PAQ) is a subjective evaluation procedure and an important factor in
assessing the indoor environment, which can be determined by Equation (2):

AQ = 112(ln[PD] − 5.98)−4 (2)

where PD is percentage dissatisfied with air quality (%) which can be determined by Equation (3):

PD =
exp(−0.18− 5.28ACC)

1 + exp(−0.18− 5.28ACC)
× 100 (3)

where ACC is the acceptability rating of the indoor air condition, which is obtained from the one-question
questionnaire. The respondents vote for the acceptance condition using the acceptability scale that
ranges from 1 to −1 and is coded as follows: 1 = clearly acceptable, 0 = just acceptable and/or just
not acceptable, −1 = clearly not acceptable. The PAQ questionnaire was conducted in each Co-Op
and the respondents were customers, staff, female, male, young and old participants, and it used a
continuous acceptability scale recommended for use by untrained panel [15]. The perceived air quality
were expected to support the findings of the indoor air quality assessment of Co-Ops.

2.6. Data Analysis and Correlations

Statistical analyses were performed using a IBM Statistical Package for the Social Sciences (SPSS).
A box-whiskers and scatter plots were used to visualize the pollutants’ performance in each spot.
A zero-order correlation coefficient was performed to examine the relationship between the pollutants
along with analysis of variance (ANOVA). Indoor and outdoor regression of CO2 was conducted to
investigate the outdoor/indoor model. In all the analyses, the statistical significance was set to 5%
(α ≤ 0.05).

2.7. Indoor/Outdoor Regression

An indoor/outdoor correlation was only conducted for CO2. The outdoor CO2 measurements
were conducted in the same manner as for indoor CO2, which was in the morning, noon, and evening.
The wind speed, humidity, and air temperature measurements were measured by the instruments
mentioned above. All the outdoor measurements were performed in the vicinity of the Co-Ops, i.e.,
between the entrance door and the parking lot.
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3. Results and Discussion

3.1. On-Site Measurements of Indoor Air Quality Indicators

It is worth mentioning that the concentration averaging time in all the figures in this study is
15 min. It was found that the average duration visits to the Co-Ops was 15 to 45 min. Figure 2 shows
the CO2 concentration for Co-Ops for spot 1, 2, and 3 in the morning, noon, and evening. The highest
recorded CO2 concentrations were in descending order for the evening, noon, and morning. In the
morning, most of the observed data points were within the threshold limit, whereas in the evening
period, most of the recorded readings were highly above the threshold value, except for Co-Op 3. The ×
sign in the box plot refers to the mean value, while the • sign refers to an outlier value (comparing to
other values). This symbolism is true for all the box-plots of data in Figures 2–8 in this study.
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Figure 2. CO2 concentration for all Co-Ops, spot S1, S2, and S3: (a) Morning; (b) Noon; (c) Evening.

A trend was noticed with the CO2 measurements: the CO2 concentration in the evening was the
highest, then at noon. Figure 3, which shows the results for Co-Op 1, S1, demonstrates this finding.
This may refer to customer density. Shang et al. [33] studied the CO2 concentration in four shopping
malls in China and found that CO2 concentration was positively correlated with customer flow rate.
Hence, CO2 concentration in the evening for mall C was the highest, with a maximum value of 1050 ppm
at 17:30 [33].
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Figure 4. CO concentration for all the Co-Ops, spot S1, S2, and S3 for: (a) morning, (b) noon, and
(c) evening.

Compared to the other spots, S1 at Co-Op 1 and S1 at Co-Op 3 show remarkable readings. In S1
at Co-Op 3, for instance, the mean value for the dataset passed the daily maximum exposure set by
WHO. The mean of S1 at Co-Op 1 passed the upper limit value set by the Lithuania IAQ Regulations
(the averaging period was not specified by the Lithuania IAQ Regulations). For the other spots, CO
concentration ranged between 0.1 and 2 ppm. One possible source of CO in Co-Ops is automobiles
crowded on the street passing by the Co-Op’s entrance.

The variation of hydrogen sulfide (H2S) concentration among Co-Ops and different spots for
different periods is depicted in Figure 5.
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Figure 5. The H2S concentration for Co-Ops, spot S1, S2, and S3 for the morning, noon, and evening
periods.

Figure 5 shows that the mean of four measurements exceeded the threshold limit set by CAAQS
(averaging period of 1 h) and reached the fifth measurement Co-Op 1, S1 in the morning. Indeed,
values of 0.07 and 0.08 of H2S concentration were reached at S1 (Co-Op 1) and S2 (Co-Op 1)
respectively. Different indoor hydrogen sulfide concentrations were found in the literature. For example,
Reuben et al. [34] found that the average value of hydrogen sulfide in a laboratory building was 5.7 ppm.
Zorpas and Skouroupatis [35] documented that the average hydrogen sulfide concentration inside a
museum was 0.002 ppm at afternoon. This difference is due the difference in the indoor environment.

The VOC sensor, type PID, measures a very wide range of VOCs; hence, it can indicate the total
VOCs (TVOCs). By multiplying the sensor concentration reading by the corresponding response factor
(RF), the resulted required gas (specific compound of VOCs) can be obtained. The RF of benzene
(C6H6) and styrene (C8H8) are 0.53 and 0.40, respectively, as stated in the manufacturer’s technical
notes. The RF values ranges from 0.40 to 11.0. Besides TVOCs, C6H6 and C8H8 were chosen for
VOCs representations for two reasons. Firstly because a smaller RF means that the PID sensor is
more sensitive to the compound, which is the case for these two compounds and secondly, because
of their hazardous health impact on humans. Figure 6 shows the concentrations of TVOCs, benzene,
and styrene.

Appl. Sci. 2019, 9, x FOR PEER REVIEW 10 of 19 

 

 

Figure 5. The H2S concentration for Co-Ops, spot S1, S2, and S3 for the morning, noon, and evening 
periods. 

Figure 5 shows that the mean of four measurements exceeded the threshold limit set by CAAQS 
(averaging period of 1 h) and reached the fifth measurement Co-Op 1, S1 in the morning. Indeed, 
values of 0.07 and 0.08 of H2S concentration were reached at S1 (Co-Op 1) and S2 (Co-Op 1) 
respectively. Different indoor hydrogen sulfide concentrations were found in the literature. For 
example, Reuben et al. [34] found that the average value of hydrogen sulfide in a laboratory building 
was 5.7 ppm. Zorpas and Skouroupatis [35] documented that the average hydrogen sulfide 
concentration inside a museum was 0.002 ppm at afternoon. This difference is due the difference in 
the indoor environment.  

The VOC sensor, type PID, measures a very wide range of VOCs; hence, it can indicate the total 
VOCs (TVOCs). By multiplying the sensor concentration reading by the corresponding response 
factor (RF), the resulted required gas (specific compound of VOCs) can be obtained. The RF of 
benzene (C6H6) and styrene (C8H8) are 0.53 and 0.40, respectively, as stated in the manufacturer’s 
technical notes. The RF values ranges from 0.40 to 11.0. Besides TVOCs, C6H6 and C8H8 were chosen 
for VOCs representations for two reasons. Firstly because a smaller RF means that the PID sensor is 
more sensitive to the compound, which is the case for these two compounds and secondly, because 
of their hazardous health impact on humans. Figure 6 shows the concentrations of TVOCs, benzene, 
and styrene. 

 
(a) 

 
(b) 

Figure 6. Cont.



Appl. Sci. 2019, 9, 4950 11 of 18

Appl. Sci. 2019, 9, x FOR PEER REVIEW 11 of 19 

 

 
(c) 
 

Figure 6. The volatile organic compounds concentration: (a) TVOCs in spot S3; (b) benzene in spot 
S1; (c) styrene in spot S2. 

To present more datasets in different spots, S1, S2, and S3 datasets were presented for benzene, 
styrene, and TVOCs, respectively, in Figure 6. The mean concentrations of four datasets of benzene 
exceeded the threshold limit value set by ASHRAE (averaging period of 1 h), as shown in Figure 6b. 
The maximum value of benzene recorded was 0.254 ppm, which is a very high concentration 
compared to other datasets. In Figure 6c, no mean value (or maximum) exceeded the threshold limit; 
however, the morning readings at S2 (Co-Op 3) were the highest comparing to the other datasets. A 
possible explanation of this high reading of styrene may be due to the presence of photocopier 
machines in the basement level in Co-Op 3 where the basement level was designed with an opened 
roof. Photocopier machines are considered as a source for styrene, as stated in the ATSDR public 
health reports. The highest TVOC concentration recorded by Shang et al. [33] in a mall was 0.23 ppm 
(0.74 mg/m3), while it was 0.09 ppm (0.31 mg/m3) in a store building [1]. 

NO2 concentrations are shown in Figure 7. 

 

Figure 7. NO2 concentrations in S1 for several time periods. 

Figure 6. The volatile organic compounds concentration: (a) TVOCs in spot S3; (b) benzene in spot S1;
(c) styrene in spot S2.

To present more datasets in different spots, S1, S2, and S3 datasets were presented for benzene,
styrene, and TVOCs, respectively, in Figure 6. The mean concentrations of four datasets of benzene
exceeded the threshold limit value set by ASHRAE (averaging period of 1 h), as shown in Figure 6b.
The maximum value of benzene recorded was 0.254 ppm, which is a very high concentration compared
to other datasets. In Figure 6c, no mean value (or maximum) exceeded the threshold limit; however,
the morning readings at S2 (Co-Op 3) were the highest comparing to the other datasets. A possible
explanation of this high reading of styrene may be due to the presence of photocopier machines in the
basement level in Co-Op 3 where the basement level was designed with an opened roof. Photocopier
machines are considered as a source for styrene, as stated in the ATSDR public health reports. The highest
TVOC concentration recorded by Shang et al. [33] in a mall was 0.23 ppm (0.74 mg/m3), while it was
0.09 ppm (0.31 mg/m3) in a store building [1].

NO2 concentrations are shown in Figure 7.

Appl. Sci. 2019, 9, x FOR PEER REVIEW 11 of 19 

 

 
(c) 
 

Figure 6. The volatile organic compounds concentration: (a) TVOCs in spot S3; (b) benzene in spot 
S1; (c) styrene in spot S2. 

To present more datasets in different spots, S1, S2, and S3 datasets were presented for benzene, 
styrene, and TVOCs, respectively, in Figure 6. The mean concentrations of four datasets of benzene 
exceeded the threshold limit value set by ASHRAE (averaging period of 1 h), as shown in Figure 6b. 
The maximum value of benzene recorded was 0.254 ppm, which is a very high concentration 
compared to other datasets. In Figure 6c, no mean value (or maximum) exceeded the threshold limit; 
however, the morning readings at S2 (Co-Op 3) were the highest comparing to the other datasets. A 
possible explanation of this high reading of styrene may be due to the presence of photocopier 
machines in the basement level in Co-Op 3 where the basement level was designed with an opened 
roof. Photocopier machines are considered as a source for styrene, as stated in the ATSDR public 
health reports. The highest TVOC concentration recorded by Shang et al. [33] in a mall was 0.23 ppm 
(0.74 mg/m3), while it was 0.09 ppm (0.31 mg/m3) in a store building [1]. 

NO2 concentrations are shown in Figure 7. 

 

Figure 7. NO2 concentrations in S1 for several time periods. Figure 7. NO2 concentrations in S1 for several time periods.



Appl. Sci. 2019, 9, 4950 12 of 18

The dataset shown in Figure 7 reveals that the mean values for all the datasets exceeded the
threshold value set by WHO (averaging period of 1 h). This is a critical breach of the indoor air quality
standards. A value of 0.10 ppm was recorded in a mall in Thailand [36], and an average NO2 level of
0.23 ppm was found in ice skating facilities around the world [37].

Figure 8 shows the NMHC measurements for S1 for different time periods.
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The NMHC sensor mainly covers ethene, ethane butane, and propane. Indeed, ethene and ethane
accounted for about 35% and 40% of the total NMHC [38]. In confined areas, such as supermarkets,
ethane can cause suffocation by lowering the oxygen content of the air [39].

3.2. Indoor Air Quality Index (AQI)

Figure 9 shows the AQI values for 27 sampling points for CO2, CO, VOC, and NO2.
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Figure 9. Indoor AQI for CO2, CO, VOC, and NO2 for 27 sampling points. (The sampling name
format is as follows: the first number indicates the Co-Op number, S is the spot location, M = morning,
N = noon, and E = evening; for example, 2S3M = Co-Op 2, Spot 3, morning).

Each sampling point, in Figure 9, has four AQI values corresponding to the mentioned environmental
indicators. For CO2, the AQI values of 1S1E, 2S1E, and 3S1E lie in the hazardous category, while nine
sampling points’ values are located in the unhealthy category and the rest are located in the moderate
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category. For TVOCs, the AQI values oscillate between the hazardous category, with five sampling
points, and the unhealthy category, with 20 sampling points. Only two sampling points have AQI
values that lie in the moderate set. For NO2, nine sampling points are located in the moderate category,
while the other are located in the unhealthy category. The AQI values of CO are better compared to the
other indicators with five sampling points located in the moderate category while the rest are located
in the accepted healthy category.

3.3. Perceived Air Quality (PAQ)

In total, 2475 respondents distributed between the three Co-Ops assessed the air quality using the
continuous acceptability scale. Table 6 shows the respondents’ distribution.

Table 6. Continuous acceptability scale respondents among Co-Ops.

Co-Op 1 Co-Op 2 Co-Op 3 Total

Number of Respondents 924 746 805 2475

The perceived air quality reflects the Sick Building Syndrome (SBS) description. Table 7 shows the
standard values of PAQ set by ASHARE in decipol of how the health of a building can be estimated [31].
The higher the standard PAQ value, the worse the health of a building is.

Table 7. The standard values of perceived air quality (PAQ) by ASHARE.

Decipol Air Quality

10 Sick Building
1 Healthy Building

0.1 Town Outdoor Air
0.01 Mountainous Area Outdoor Air

Table 8 shows the parameters values for Co-Op 1, Co-Op 2, and Co-Op 3 in order to determine
the PAQ values.

Table 8. PAQ questionnaire parameters results for Co-Op 1.

Co-Op 1 No. Recorded Scores Number of People Percentage % ACC 1

1 1 63 6.82 0.068
2 0.9 37 4.00 0.036
3 0.8 85 9.20 0.074
4 0.7 61 6.60 0.046
5 0.6 42 4.55 0.027
6 0.5 60 6.49 0.032
7 0.4 38 4.11 0.016
8 0.3 37 4.00 0.012
9 0.2 38 4.11 0.008

10 0.1 59 6.39 0.006
11 0 212 22.94 0.000
12 −0.1 39 4.22 −0.004
13 −0.2 31 3.35 −0.007
14 −0.3 43 4.65 −0.014
15 −0.4 21 2.27 −0.009
16 −0.5 17 1.84 −0.009
17 −0.6 11 1.19 −0.007
18 −0.7 5 0.54 −0.004
19 −0.8 6 0.65 −0.005
20 −0.9 6 0.65 −0.006
21 −1 13 1.41 −0.014

Total - - 924 100.00% 0.25
1 ACC is obtained by multiplying the recorded scores by the percentage.
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Using Equations (1) and (2), PAQ values can be obtained. Table 9 shows the calculated values
of PAQ for Co-Op1, Co-Op 2, and Co-Op 3. To investigate the reasons behind the difference in PAQ
values in Table 9, the average concentration of each pollutant is documented against the PAQ for each
Co-Op and presented in Table 9. The findings in Table 9 suggest that there is a positive correlation
between PAQ and CO2/H2S levels. Shang et al. [33] conducted a questionnaire study at four malls in
China and found that the score of air quality was near neutral: neither satisfied nor dissatisfied. In this
study, the source of dissatisfaction may be correlated with the high level of carbon dioxide and/or
the presence of hydrogen sulfide; hence, the correlation between CO2/H2S concentration and PAQ is
examined further and expressed in Figure 10a,b.

Table 9. PAQ values for Co-Op 1, Co-Op 2, and Co-Op 3 and the average concentrations for each
pollutant.

PAQ CO2 CO H2S TVOCs NO2 NMHC

Co-Op 1 1.25 1145 2.217 0.017 0.324 0.080 0.233
Co-Op 2 1.00 1119 0.095 0.007 0.369 0.059 0.246
Co-Op 3 0.75 880 0.550 0.005 0.326 0.061 0.204Appl. Sci. 2019, 9, x FOR PEER REVIEW 15 of 19 
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As Figure 10 indicates, as CO2 and H2S concentrations rise, PAQ values rise too.

3.4. Correlations

Means and intercorrelations for pollutant in Co-Op 1, S1, evening are shown on Table 10.

Table 10. Means and intercorrelations for pollutant in Co-Op 1, S1, Evening.

CO2 CO H2S TVOC
Mean ± σ

CO2 1655.5 ± 16.4 -
CO 3.900 ± 0.520 0.938 - - -
H2S 0.055 ± 0.022 0.907 0.975 - -

TVOC 0.340 ± 0.016 0.586 0.703 0.749 -
NO2 0.081 ± 0.022 −0.342 −0.387 −0.453 −0.545

The bold italic values are significant at α ≤ 0.05.

The correlation matrix on Table 10 shows the association between the environmental indicators.
For the given sampling point in Table 10, positive and significant relationships were found between
CO2 and the other indicators, except for NO2. On the other hand, for the given site, carbon monoxide
correlates well with carbon dioxide and hydrogen disulfide.



Appl. Sci. 2019, 9, 4950 15 of 18

3.5. Indoor/Outdoor Regression

The CO2 outdoor-indoor regressions are plotted in Figures 11–13 for Co-Op 1, 2, and 3 respectively,
for (a): morning, (b): noon, and (c): evening.
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The results reveal that for each Co-Op, there are two times where the indoor and outdoor
concentrations are significantly correlated. For Co-Op 1, in the morning and in the evening,
the correlation was depicted with R2 values of 0.8564 and 0.7003, as shown in Figure 11a,c respectively.
For Co-Op 2, a correlation exists at noon and in the evening, with R2 values of 0.4201 and 0.4509,
as presented in Figure 12b,c, respectively. For Co-Op 3, the correlation was noted in the morning and
the evening, with R2 values of 0.8264 and 0.8341, as presented in Figure 13a,c respectively. Although
the correlation between indoor and outdoor CO2 levels can imply the outdoor contribution as the
source of the indoor levels, the difference between indoor/outdoor CO2 concentrations is an indication
that indoor carbon dioxide levels were attributable to other sources than the atmospheric source.

4. Conclusions

This study examined the quality of the indoor air environment of Co-Ops supermarkets in Kuwait
based on investigation of CO2, CO, NO2, H2S, TVOCs, and NMHC as environmental parameters.
The on-site measurements revealed that most of the tested environmental parameters had exceeded the
threshold limits set by the environmental agencies and organizations. The CO2 average measurements
were remarkable, with 1630 ppm for the three spots in Co-Op 1 for the evening period, and it was
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1220 ppm in Co-Op 2 for the same timing. In Co-Op 3, the CO2 readings comparing to the other
Co-Ops were better, although they touched the 1000 pm limit concentrations, with an average of
930 ppm. The morning readings of CO2 for all the spots in all Co-Ops were lower than those of the
noon and evening readings. Compared to the other pollutants, carbon dioxide, especially for Co-Op 1
and Co-Op 2, seriously breached the threshold limits, reaching 50% above the allowable limits at some
locations. The persistent high limit of carbon dioxide needs further investigation. On the other hand,
CO concentrations were acceptable, despite reaching almost half of the threshold limits, specifically for
morning and evening reading for Co-Op 1 and 2. For the VOC readings, they exceeded the threshold
limits in all Co-Ops for all the periods and at all the spots. The same breach was also detected with
NO2 readings for Co-Op 1 (S1 and S3), Co-Op 2 (S1 and S2), and Co-Op 3 (S1). The H2S readings were
not exempt from rupturing the environmental safety limits, since it exceeded the threshold limits in
Co-Op 1 (S1 and S2), Co-Op 2 (S1), and Co-Op 3 (S1 and S3). The average period of the guideline
source of CO, NO2, H2S, and TVOCs was one hour.

The calculated perceived air quality (PAQ) values for each Co-Op match the corresponding
CO2 and H2S concentrations in these Co-Ops. Moreover, the PAQ values are aligned with the IAQ
values for CO2 concentrations when comparing Co-Op 1 and Co-Op 3, and Co-Op 2 and Co-Op 3.
This finding clarifies the importance of CO2 concentration as a quick indicator to human bioeffluents,
as it compensates for the difference between the indoor to outdoor CO2 concentrations.

The existing correlation between the indoor pollutants is evidence of the complexity of the indoor
air environment.
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