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INVESTIGATION OF AIR POLLUTION IN RESTAURANTS AND OF
EMPLOYEES’ PERSONAL EXPOSURE LEVEL
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1 School of Health Sciences, University of Occupational and Environmental Health, Japan,
2 University of Jyvaskyla,
3 The Catholic University of Korea,
4 University of Miyazaki,
5 Kyoto University

ABSTRACT

We investigated the condition of air pollution in restaurants and of the personal exposure level of employees at
the typical Japanese Yakitori-ya restaurant, (the chicken barbecue restaurant in Japan). The measured chemicals
were volatile organic compounds (VOCs), aldehydes and NO,. The chemicals were collected by a personal
passive sampler. Twenty two kinds of VOCs including benzene were detected. Eight kinds of VOCs showed a
higher concentration more than 5ppb. The VOCs and formaldehyde (HCHO) concentrations during cooking
period were higher than that at ordinary period, and much higher than that of outdoor. The averages of personal
exposure level of HCHO during working periods were in the range from about 30 to 60 ppb. NO, concentration
during working period was clearly higher compared with non-working period. Therefore, it is clear that NO, is
generated when a cookware is used.

INTRODUCTION

Recently, a big change in indoor air environment has been recognized. This new problem is caused by high air
tightness, high adiabatic and newly building material, and has been the cause of health problems. The resident in
a newly-built home appealed for bodily bad condition and indisposition for this problem in around 1970. These
symptoms are called Sick Building Syndrome and it has been paid attention. Afterwards, the symptom of the
trregularity supplication efc. occurs by very small amount chemicals, and this symptom is called chemical
sensitivity, and it is distinguished from a sick building syndrome and socially becomes a big problem.
Approximately 80% of our life time is spent in an indoor air environment (Repace, J.L. 1982), either in homes,
work places etc. Especially, the indoor air quality is often higher than outdoor air and contains many pollutants.
Jarke and co-workers (Jarke, F.H., Dravnieks, A., and Gordon, S.M. 1981) indicated that 118 chemicals were
identified in the indoor air of new buildings, and the indoor pollutants arise probably from many parts, such as
the carpeting, clothing fiurniture etc. Much research on indoor air pollution (Arashidani K., Hori H,, et al, 1999)
and the influence on health (Popa M. and Ionut C. 1999, Hedge A. and Erickson WA. 1999) have been
performed. The investigation of air pollution in buildings in which the purpose is profit-making such as
depariment stores, movie theaters etc. are few. However, it is necessary to investigate the indoor air quality so
that a many people may use them for the purpose of amusement etc. This study is aimed at grasping the realities
of the conditions of the air environment of a popular restaurant and of the chemical exposure of the employees.

METHOD

1. Studied restaurants )

The investigated four restaurants are very popular Japanese restaurants (Yakitori-ya). The area of these
restaurants is from about 40 to 70 m’. The fuel for cooking is electric (A restaurant area: 43m”), charcoal &
propane (B restaurant area: 56m?), liquid natural gas (LNG) & charcoal (C restaurant area: 66m?), and propane
(D restaurant area: 66m>). Employees were three persons.at each restaurant. Our investigation was carried out in
summer. :

2. Cellection and analysis of chemicals

The concentrations of the VOCs, aldehydes and NO, were measured. The collection of chemicals was carried out
by a passive sampler. Passive samplers were used in all cases (Personal exposure, indoor air and outdoor air).
The chemicals were collected during working period and non-working period. To evaluate chemicals exposure
level of workers, the personal sampler was hooked on to a worker’s breast. The samplers for collection of the

" Corresponding author email: arashi@health.uoeh-u.ac.jp
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chemicals were set up in the dining room and above the cooker in the kitchen. After sampling, the VOCs and
NO, samples were sfored in a freezer and aldehyde samples were stored in a refrigerator. The analysis of VOCs
is as follows. An activated charcoal (Pittsburgh PCB) in sampling tube (Sibata, Japan) was moved to a test tube,
2ml of carbon disulphide was added and then VOCs were extracted. The VOCs in extracted solution were
analyzed by using a capillary gas chromatograph- mass spectrometer-apparatus (Hewlett Packard, USA) with
auto sampler. The collection of aldehydes was carried out in a passive gas tube (Sibata, Japan) silica gel that is
impregnated with 2, 4-dinitrophenyl hydrazine. The aldehydes observed on the silica gel had been extracted with
the 3ml acetonitril. The analysis was carried out separation and determination by using HPLC apparatus
(Shimadzu LC-10AD Japan). The collection of NO, was carried out in a filter badge sampler (Tokyo Roshi
Kaisha, Ltd., Japan). The absorption filter consisted of the cellulose fiber filter that impregnated a triethanol
amine. The NO, that absorbs this filter has been extracted with a coloring solution. A coloring solution was
prepared according to a solution of sulfanilic acid, phosphoric acid and 0.1wt-% N-(1-naphthy) ethylenediamine
dihydrochloride has been adjusted. NO, in the extracted solution was determined by using UV-VIS
spectrophotometer (Shimadzu UV-2200A, Japan).

RESULTS

1. VOCs concentration

During business hours, the comparison of the concentrations of the VOCs in the kitchen is shown in Fig.1. The
chloroform, benzene and toluene that were typical organic solvents showed a comparatively high concentration.
Especially, benzene and decane showed a high level of more than 10ppb. The exposure level of the employee
during working hours was compared. The following result was obtained chloroform, toluene, and
tetrachloroethylene were a comparatively high level as well as the concentration of the kitchen.

14

B Arestairant

—
N

Yk
]

[+]

Concentration (ppb)
2N

<
3

Chloroform T
1,1,1-Trichloroethan ===
Nonane
Chlorobernzene |
Eitylbenzene o

nyp-Xylene
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Carbon Tetrachioride

1,2-Dichlorcethane B
Trichloroethylene |-

Tetrachlorosthylene

1,24 Trimethylberzene =1
p-Dichiorobenzene L

1,3,5-Trimethyberzene H

Figure 1. VOCs concentration of kitchen during working hours

Fig.2 shows the VOCs concentration in a B restaurant. This restaurant uses charcoal & propane for fuel. The
VOCs concentration in air showed working, non-working, and outdoor, respectively. All VOCs concentrations
were high level during working hours. The VOCs concentration of more than 4ppb was benzene, toluene, octane
and decane, and other VOCs were less than 4ppb during working hours. The VOCs concentration during
business was several times higher than during non-business hours.

2. HCHO concentration

The comparison of HCHO concentration of the kitchen is shown in Fig.3. The difference between working
period and non-working period was clear in all restaurants in the case of the kitchen. The highest concentration
was measured at 209ppb at one restaurant (Restaurant C, fuel: LNG & charcoal).
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Figure 1. VOCs concentration of B restaurant during working hours
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The personal exposure level of HCHO during working hours of each restaurant was in the range from about 30
to 60ppb. Twice of concentration difference were recognized at a restaurant (data not shown in figures).

The mean concenirations of HCHO of all studied restaurants when working were all high compared with
non-working. Especially, the difference of the kitchen between working period and non-working period is
remarkable 114 ppb and 41 ppb, 1espectively as shown in Fig. 4. The HCHO concentration in the outdoor air was
a low value about 10ppb. Therefore, the HCHO concentration in the restaurants was influence by the cooking.

3. NO, concentration

The NO, concentrations in kitchens are shown in Figd. The difference between working period and
non-working period was clear in 2l restaurants in the case of the kitchen. The NO, concentration at working was
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higher than 100ppb at all restaurants. Especially, the

450 restaurant where charcoal & LNG was used
O Worki recognized a concentration »(?f more than about
400 . 400ppb. The NO, concentrations in working of
2 350 0 Non-working dining room of four restaurants were lower than
ko those of the kitchen but were higher than those of
g 300 & non-working. The NO, personal exposure level in
§ 250 working was in a range from 50 to 200ppb.
20
g DISCUSSION
150 Sick Building Syndrome, the sickness related to
i indoor pollution, has become a major social
100 problem. Reports that have investigated the
50 F environment of a restaurant and health effect of the
. employees which unspecified many persons go in
0 and out are few.
A B C D
Restaurant When using gas and charcoal, etc, at a restaurant
Figure 5. NO, concentration in the kitchen at for cooking and to cook at high temperature, many
during working hours chemicals are generated. However, the kitchen is

usually narrow, and bad situation for the exhaust. It

is expected the employee receives a physical and
chemical load. More over, the proximity of the kitchen to the dining space causes guests to also inhale the gases
and fumes.

This research evaluated the environmental condition that chemical concentrations of typical Japanese restaurants
(Yakitori-ya) and personal exposure level of employees were measured.

Twenty two kinds of VOCs were detected from cooking in this research. The VOCs were clearly generated by
the cooking, and benzene, toluene and chloroform were recognized as being clearly high value. The
concentration difference due to the difference of fuel used for cooking was not clear. However, the VOCs
concentration of the guest room because of the closeness to the kitchen was obviously high compared with those
in outdoor, but it was a lower level than in the kitchen.

As for aldehydes, formaldehyde, acetaldehyde and propionealdehyde, etc that were detected, formaldehyde was
the highest value. The concentration in the kitchen was mostly WHO Guideline Value or Indoor Environmental
Standard of Japan (80ppb). The highest value was a level more than twice its standard level.

Formaldehyde is an obviously high value during business hours, and it is especially high in the kitchen.
Therefore, it is thought to be dependent on the fuel and the oil, etc, used in cooking.

The NO, concentrations of the kitchen in the four restaurants were a value of 100 ppb or more while cooking. It
was about 400 ppb in C restaurant (fuel: charcoal & propane), and there was a high value of about seven times in
Environmental Air Quality Standard in Japan (40-60ppb). The personal exposure levels were a range from 60 to
200 ppb. Those levels were a high value from several to ten times compared with there non cooking periods.

It is necessary to note the employee’s health management because the NO, measurement result in this research is
more than the Environmental Air Quality Standard in Japan.

Finally, VOCs, aldehydes and NO, concentrations were clearly high level because when cooking the use of oil in
the kitchen and the high temperature in the restaurants various environmental standard levels were exceeded.
Considering the health effects of employees and guests, the necessary technological measures for the decrease of
the chemical concentration is suggested.
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