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Abstract

In Malaysia and many other Asian countries, countless number of restaurants are made of open or semi-open air buildings.
These restaurants are commonly located beside roads, factories, and construction sites. The foods are often exposed to the
air, increasing their tendency to be contaminated due to poor indoor and outdoor air quality. There are very few studies
characterising and comparing the levels of indoor air pollutants in restaurants. Other than that, scarce data are available on
dining establishments especially in the presence and absence of water mist application system. Due to these reasons, no best
practices or guidelines can be developed. Hence, this present study aimed (1) to assess and compare the physical indoor air
quality (IAQ) characteristics and airborne pollutants between different types of restaurant settings; (2) to identify microbes
isolated in the presence and absence of water mist system; (3) to analyse bacterial counting within and between the
different restaurant settings; and (4) to determine the relationship between physical IAQ characteristics and airborne
microbial contaminants. Insfruments known as Dustmate and VelociCalc® Multi-Function Ventilation Meter 9565 were used to
measure the physical IAQ characteristics and airborne particulate matters. On the other hand, Surface Air System Indoor Air
Quality (SAS IAQ) was use to seize the microbial contaminants. All the data obtained were compared with the standard
reference known as the Industrial Code of Practice on Indoor Air Quality (2010) constructed by the Department of
Occupational Safety and Health (DOSH). This study later indicated that the level of indoor PMio concentrations was
influenced by changes of physical IAQ parameters at the two restaurants investigated. As the PMio increased, the colony
forming unit (CFU) counting also increased. Although microbial contaminations were found during both periods of exposure
(i.e., in the presence and absence of water mist) at both restaurants, significant relationship between the parameters
measured cannot be determined. The bacterial species obtained during the presence and absence of water mist
application system for both of the restaurants were also identified. Gemella morbillorum was found as the most dominant
species, followed by other species such as Aerococcus viridans, Globicatella sanguinis, Leuconostoc spp., and Proteus
penneri.
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1.0 INTRODUCTION

In Malaysia, restaurants and cafeterias can be found
near the roads, adjacent to construction sites, and
close to the industrial areas. The foods served at the
open and semi-open restaurants are exposed to the
indoor or outdoor air. Without a proper handling and
because of the location of the restaurants, these

foods may be contaminated easily [1]. Due to the
locations of the restaurants, the dining areas are
usually hot, and water mist fan is used to cool down
the temperature inside the restaurants. The water mist
fan is also installed to maintain and elevate the
humidity in an open-compound restaurant [2].
Previous study reported that the misting fan can
reduce the temperature and increase the relative
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humidity [3]. However, this water mist fan resulted in a
higher number of bacteria from the mist produced.
The study found that the number of airborne bacteria
and fungi was higher when the water mist fan was
used in the restaurants.

There is a limited number of studies in Malaysia
examining the association between the presence of
water mist on restaurant environment and microbial
contamination due to the water mist fan in food that
are being served. In fact, the number of studies on
indoor air quality (IAQ) particularly in  dining
establishments is also inadequate in this country, thus
no regulations, guidelines, or best practices can be
developed. Therefore, the Industrial Code of Practice
(ICOP) 2010 established by DOSH was used as a
standard in this study.

2.0 EXPERIMENTAL
2.1 Study Sites

2.1.1 Restaurant #1 (X): Open-air Restaurant Near a
Road

This restaurant chain or locally known as a Kopitiam
had an indoor and open-air dining area, and the
open air section was located about 10 m away from
a one-way road. The floor was made of woods, and
the restaurant was open 24 h daily. The kitchen was
separated from the dining area by a wall. The foods
were served on a countertop, and the style of
cooking was deep frying. A filtered water mist system
and four ceiling fans were installed at the open-air
dining area.

2.1.2 Restaurant #2 (Y): Open-air Restaurant Beside a
Road

This food-joint restaurant had an indoor and open-air
dining area, and the open-air section was located
about 5 m away from the traffic road. The floor was
made of cement, and the restaurant was open 24 h
daily. The kitchen was openly connected to the
dining area, and the foods were cooked using open-
wok frying and deep-frying styles. A waste mist
system was installed at the open-air dining area
besides the four ceiling fans available.

2.2 Measurement of Physical IAQ Parameters and
Airborne Pollutants

Dustmate from Turnkey Instruments, UK was used to
determine the concentration of airborne particles
and dust in this study. Light scattering is the
technique used by Dustmate to determine the
concenfration of airborne particles and dust of the
diameter ranging from about 0.4 um fo about 20 um.
It works by continuously drawing the air sample info
the instrument by a pump with a flow rate set by the
microprocessor at 10 cc/ sec (600 cc/min).

The physical parameters of both locations were
measured using a specialised instrument called
the VelociCalc® Multi-Function Venfilation Meter 9565
by TSI. This 2565 model comes with a probe that has
the ability to detect various types of physical IAQ
parameters  including «air flow rate, CO2
concentration, air velocity, temperature, relative
humidity, and CO concentration.

Readings for both instruments were taken at an
interval of 1 min for 15 min sampling time at both
restaurants.

2.2.1 Monitoring and Sampling of Microbes

Surface Air System (SAS) IAQ by PBI International is
considered the international standard for portable air
microbiological samplers. This instrument is suitable for
the IAQ study and was used in this study to perform
microbiological evaluation of the air at both
sampling locations. The sampling time for this
instrument is 60 s.

Preparation of peftri dishes with nutrient agar
medium was done beforehand. The drilled head of
the SAS IAQ was first unscrewed, and a plate
containing medium was placed into the housing. The
nominal air flow was later set to 1.5 L of air per min
before the environmental air was aspirated over the
agar surface of the plate. Airborne particles were
captured on the agar by impaction. Then, the plate
was removed and incubated at 37 °C for 24 h.

Besides, depending on SAS IAQ method,
gravitational air sampling method was also used to
perform microbiological evaluation of air at the
sampling locations. In this study, the nutrient agar
(NA) plates were placed at the same level as SAS
IAQ in order to assess if there was a correlation
between the results of the two sampling methods.
The number of CFU was calculated after 24 h
incubation of plates of both methods.

All the three instruments namely Dustmate,
VelociCalc® Multi-Function Ventfilation Meter 9565,
and SAS IAQ were stationed at the human breathing
zone approximately 1.5 m from the floor. The samples
were collected in duplicates during two time periods,
morning and afternoon, at the indoor dining
environment. Air from each dining area was sampled
concurrently with both SAS IAQ and gravitational
methods in the presence and absence of the water
mist.

2.2.2 Bacterial Identification Using API System

Analytical Profile Index (API) strips are commercially
prepared identification system of bacteria. They are
readily available and used in conjunction with
extensive databases that characterise biochemical
reactions of microorganisms. On one hand, APl 20E
System is a standardised, miniaturised microtube
system consisting of 21 conventional biochemical
tests  designed for the identification of
Enterobacteriaceae and other nonfastidious Gram-
negative bacteria. Some complementary tests
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needed fo be conducted upon identifying the
bacteria such as oxidase test, oxidation fermentation
test, motfility test, and MacConkey test. On the other
hand, APl Strep system is used to identify Gram-
positive bacteria. This system is very significant in the
medical bacteriology. It is able to identify most of the
stfreptococci bacteria that are mostly pathogens. For
this study, the bacterial identification procedure was

by using the APl system as in the manufacturer's
manual.

3.0 RESULTS AND DISCUSSION

3.1 Air Quality Assessment

Table 1 The comparison on daily average of physical IAQ parameters and airborne pollutants between the two restaurants with

standard reference ICOP 2010

Restaurants
A.cc.eptable With water mist Without water mist
Parameters limit set by
DOSH
X Y P Value X Y P Value
5% > Temp(’%?fure 23-26 31.95+2.90 | 32.05+0.21 0.97 33.75+1.06 | 33.70%0.28 097
E 03| Velocity (m/s) 0.15-0.50 0.26 +0.01 0.80 +0.18 0.16 0.27+0.13 0.64+0.16 0.03
Inhalable
NA 1.58+1.22 1.12+0.23 0.63 0.12+0.06 0.52 +0.46 0.40
(mg/m3)
Thoracic
NA 1324105 | 0.66+0.17 0.49 0.10+0.06 0.36+0.26 0.31
(mg/m3)
£
S
2 Respirable
IS 0.15 0.27 +0.08 0.26 +0.04 0.89 0.06 +0.05 0.18 £0.08 0.11
ﬂé (mg/m3)
(@]
2
Z
CO: 401,50 +
1000 395+ 0.00 402 +1.41 0.09 P 404.50 + 26.16 0.94
(PPmM) '
co
10 1.10+0.28 1.25+0.35 0.21 0.85+0.21 1.30 £ 0.99 0.56
(PPmM)
= 446.67 + 113334 % 1133.33 ¢
+
t SAS IAQ 500 188 5t 37712 0.13 933.33 £ 0.00 565.69 0.71
T
Q o 166.67 *
= Gravitational NA 66.67 +0.00 s 0.21 33.34+47.14 | 200 +282.84 0.61
O

*significant at p<0.05 *Bold readings indicate the values exceeding the range established by DOSH.

3.2 Air Quadlity Assessment based on Physical IAQ
Parameters Monitoring

Temperatures at the investigated restaurants, X and Y
(in the presence and absence of water mist
application), were found to exceed the standards
established by the DOSH, as shown in Table 1. Both
restaurants showed slightly higher femperatures in the
absence of water mist environment (33.75 °C for

restaurant X and 33.70 °C for restaurant Y). These
figures are believed to be influenced by the locations
of the open-air dining eafing compounds situated
near or beside the busy roads. Furthermore, in
agreement with the previous study by the American
Society for Heatfing, Refrigeration, and Air
Conditioning Engineers (ASHRAE), this present study
also found that the average temperature in the
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restaurants did not meet the guidelines by ASHRAE
[4].

This study found higher values of air velocity at the
restaurant Y, which exceeded the standards
established by DOSH. As suggested by a previous
stfudy, air-conditioned buildings should have lower
pollutant levels as compared fto naturally venfilated
buildings [5]. Nevertheless, the naturally ventilated
buildings do not hold external air pollutants for long
periods due to their high air-change rates.

3.3 Air Quality Assessment based on Airborne
Pollutants Monitoring

Airborne pollutants monitoring was also conducted in
this study to determine the criteria pollutants such as
particulate matters and carbon monoxide (CO).
These pollutants are crucial indicators for both indoor
and outdoor air quality, following their detrimental
effects on human health [1]. This study measured four
types of parficulate matters namely inhalable,
thoracic, respirable, and ulirafine particulates.
However, no standards are available to assess air
quality for three of the particulate matters namely
inhalable, thoracic, and ulirafine particulates except
using the standard as established by DOSH in ICOP
2010. Hence, this paper only discusses the respirable
particulate matters.

Respirable particulate matters can also  be
recognised as indoors PMio, consisting of particles
with a diameter of 2.5-10 um [é]. Most of the studies
on particulate matters in houses and restaurants
have taken indoors PMio or PMz2s into consideration
[7. 8, 9]. Based on the airborne pollutants monitored
during the presence of water mist, the
concenfrations of total respirable particulates within
both restaurant X and Y were found to be 0.27 and
0.26 mg/m3, respectively. These concentrations,
however, were much higher than the permitted
value specified in the ICOP 2010, i.e., 0.15 mg/m3.

In the absence of water mist, the concentration of
total respirable particulate for restaurant X was 0.06
mg/m3, which was lower than the permitted value.
However, for restaurant Y, the concentration of
respirable particulate was 0.18 mg/m3, which slightly
exceeded the acceptable Iimit. See Table 1.
Therefore, in general, these results show that whether
in the presence or in the absence of water mist, the

concentrations of respirable particulate at the
restaurants were high, exceeding the standard given
in ICOP 2010. The heating and cooking activities [10]
at the restaurants probably confributed to the high
concentration of total respirable  particles,
particularly PMio and PMz2;s [7].

Although not a criteria pollutant, airborne
microorganisms or bioaerosols are also considered
an important air quality parameter [11] especially in
the restaurants.  Airborne  microorganisms  or
bioaerosols may originate from occupants, organic
waste, and microbial growth and have the tendency
to increase the risk of food contamination [12]. This
present study found that most of the CFUs for the
airborne bacteria collected at both restaurants
(during the usage of SAS IAQ and gravitational
methods) were higher than the standard (500
CFU/m3). Only the CFU of bacteria during the
application of water mist at the restaurant X was
observed to be within the acceptable limit, 446.67
CFU/mé.

The significantly high figures obtained were
expected as the restaurants were consistently busy
and occupied during the periods of investigation.
Moreover, distributions of bioaerosols very much
depended on the human activities af the restaurants
[13]. These activities could cause the dust particulate
to suspend and form airborne microorganisms. Apart
from that, this study discovered that the SAS IAQ
accumulated greater amount of bacteria than
gravitational method at both restaurants. This frend
was in line with the previous study where active
method (SAS IAQ) was more preferable than
gravitational method to be used in obtaining viable
particles [14]. Since there was no standard as a
reference for gravitational method, only CFU
counting during the usage of SAS IAQ is discussed
next.

In relafion to the parameters measured, the total
colony count was likely to increase with the
increment of PMio due to the large surface area of
course particles aiding the  microorganisms’
attachment [1] plus that water in the mist is an
essential reservoir for the growth of bacteria [15].
Nevertheless, evaporative cooling such as the water
mist fan can lead to improved comfort [3] other that
reservoir for bacterial growth.
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3.5 Bacterial Identification

Table 2 Assessment of Gram positive and Gram negative bacteria by using API System

API database . Total group Percentage Gram . Water mist
Strain . Note Location(s) o
code of colonies (%) (+/-) application
4140014 Aerococcus 4 967 Good identfification + X x
viridans 2
5002053 Aerococcus 3 92.9 Good identification + Y v and x
viridans 1
0142013 Gemella 9 92.6 Good identfification + X and Y v and x
morbillorum
4016753 Globlcct'fe'llo 3 94.7 Low discrimination + XandY v and x
sanguinis
5300000 Leucscion;sfoc 4 79.7 Low discrimination + Y v
5000051 Leuconostoc 3 86.2 .Accgpfople + X v
spp identfification
001402043 Proteus penneri 2 83.9 Doubtful profile - X x

v - In the presence of water mist

Further microbiological analyses showed that
Gram-positive  bacteria were more abundant
compared to Gram-negative bacteria. Gram-
positive cocci (micrococci, streptococci,
staphylococci, and diplococci) were the dominant
microbial morphologies, followed by Gram-positive
bacilli and pathogenic Gram-negative
enterobacteriaceae. These frends were relevant with
other studies that reported the domination of Gram-
positive bacteria in both indoor and outdoor
environments [16]. Dispersion and spreading of these
microorganisms are through direct skin-to-skin
contact and are dismissed via respiration [17]. The
existence of cocci in the air of the restaurants
indicates overcrowding affiliated with insufficient
ventilation [18]. As reported in the previous study [16].
Gram-positive bacilli are often linked with outdoor
sources such as soil emissions, water, dust, air, faeces,
vegetation, wounds, and abscesses. Although most
of these species are considered harmless to human
health, infections can sfill be caused by certain
species especially fo immunocompromised
individuals [19]. Enterobacteriaceae is related to E.
coli and Salmonella, hence directly associated with
food poisoning [20]. Possible origins of these species
include inappropriate  handling, serving, and
preparing of food. On top of that, the presence of
these pathogens in restaurants is likely to give a rise
to a risk towards human health.

x - In the absence of water mist

4.0 CONCLUSION

Two typical open-air restaurants were surveyed and
the concentrations for relative humidity, CO2, and
CO were observed to abide the standards set by the
DOSH, while most of the rest significantly exceeded
the acceptable Ilimits. Other parameters like
temperature, velocity, and flow rate had correlations
with the level of indoor PM1o concentrations. As PMio
increased, CFU also increased. There are pros and
cons of ufilising water mist application. Although
microbial confaminations were found during both
periods of exposure (in the presence and absence of
water mist) at both restaurants, the significant
relafionship between these parameters cannot be
established due to the limitation of time during the
samplings between the presence and absence of
water mist application. Furthermore, the bacterial
communities found at both restaurants were
Aerococcus viridans 1 and 2, Gemella morbillorum,
Globicatella sanguinis, Leuconostoc spp. and
Proteus penneri. It was found that the bacterial
distributions were influenced by the changes of the
physical 1AQ parameters at the investigated
restaurants. Hence, there was a significant
relationship  between  physical  characteristics,
airborne pollutants, and microbial contaminants
between different types of restaurants settings.
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