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Background and Purpose: In 2021, lung cancer in school food workers was first recognized as an occu-
pational cancer. The classification of the carcinogenicity of cooking fumes by International Agency for
Research on Cancer (IARC) was based on Chinese epidemiological data. This study aimed to determine
the hazard levels of school cooking fumes in Korea.
Materials and Methods: Based on public school cafeterias in one area, 25 locations were selected for the
survey according to the number per school type, ventilation states, and environmental pre-assessments
of cafeterias. Two inside cooking areas using a heat source and one outside cooking area were selected as
control measurement points. Measurements of CO, CO,, polycyclic aromatic hydrocarbons (PAHs), and
total volatile organic compounds (TVOCs), including benzene, formaldehyde, and particulate matter
(PM10, PM2.5, PM1, respectively), were taken. The concentrations and patterns of each substance in the
kitchens were compared with the outdoor air quality.
Result: Known carcinogens, such as the concentrations of PAHs, formaldehyde, TVOC (benzene), and
particulate matter in school cooking fumes, were all detected at similar or slightly higher levels than
those found outside. Additionally, substances were detected at relatively low concentrations compared to
the Chinese cooking fumes reported in the literature. However, the short-term exposure to high con-
centrations of CO (or composite exposure with CO,) and PM2.5 in this study were shown.
Conclusion: The school cooking fumes in South Korea was a relatively less harmful than Chinese cooking
fumes, however short-term, high exposure of toxic substances can cause a critical health effect.

© 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Kong) [5]. Recently, attempts have been made to establish the dose-
response relationship of cooking fumes and lung cancer by using

As of 2019, the number of school cooks in Republic of Korea was
approximately 71,000 [1]. The Republic of Korea Occupational Safety
and Health Agency (KOSHA) operated a surveillance system for acute
poisoning in Incheon and the Gyeonggi Province (2017—2018), in
which school cooks reported two cases of acute CO poisoning in 2017
and 10 cases in 2018 [2,3]. Since 2017, the possibility of cooks devel-
oping respiratory cancer owing to harmful substances generated
during cooking in school cafeterias has been continually increasing
and covered in the media. In February 2021, lung cancer in school
cooks was first recognized as an occupational cancer in Republic of
Korea [4]. Most International Agency for Research on Cancer (IARC)
epidemiological data regarding carcinogenicity 2A classification in
cooking fumes include exposure and health effects found in Chinese
cooking environments (e.g., China, Taiwan, Singapore, and Hong

the frequency of cooking methods as a proxy indicator of cooking
fumes [6]. In addition, in most studies reviewed here, few with
quantitative study data simultaneously evaluated the amount of CO
from the cooking process (e.g., heat source CO) [5].

Cooking fumes contain more than 200 types of gases and other
various compounds, such as polycyclic aromatic hydrocarbons
(PAHs) and aldehyde-based chemicals [7]. The main carcinogens
and harmful gases generated in cooking environments include
PAHs, formaldehyde, total volatile organic compounds (TVOC), fine
particles (PM2.5, PM10), CO, and CO,. Simultaneous exposure to CO
and CO, exacerbates hypoxia by increasing the body’s acidity,
slowing the recovery time (compared with exposure to a single
gas), and increasing the binding rate of carboxyhemoglobin
(compared with exposure to CO alone) [8—10]. For this reason, it
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Table 1
General characteristics of measurement target school cafeterias by school level

Table 2
Target school cafeterias for measurement

School Average number location(N) Ventilation ¢
level(N) of service meals ondition(N)
per worker

Elementary (9) 91 Ground (7) Good (5)
Underground (2) Moderate (3)
Other (0) Bad (1)

Middle (8) 77 Ground (5) Good (2)
Underground (1) Moderate (3)
Other (2) Bad (3)

High (7) 81 Ground (5) Good (3)
Underground (1) Moderate (2)
Other (1) Bad (2)

should be noted that combined exposure of CO and CO; increases
the hypoxic toxicity of cooking fumes.

In addition, particle size is directly related to the likelihood
of health problems. Small particles, < 10 um in diameter, can
penetrate deep into the lungs. Some can even enter the blood-
stream, affecting the lungs and heart [11]. Studies involving the
short-term exposure effects of PM2.5 have shown substantial
evidence that small particles are linked to health problems such as
ischemic stroke and mortality [12,13] and that low levels of PM2.5
have harmful health effects [14]. A recently published study also
demonstrated that short-term exposure to PM10 and PM2.5 is
independently associated with cardiovascular, and respiratory
mortality in more than 600 cities worldwide [15]. Recent studies
have reported that an annual average concentration <10 ug/m?> has
an effect of increasing mortality [ 15,16]. The harmfulness of cooking
fumes is greatly reduced by ventilation [17], likely owing to the
reduction of ventilation-effective substances such as fine particles
[18—20] and gases (e.g., CO and CO»).

The primary source of particles mainly includes solid fuels (e.g.,
coal and wood), biomass, and specific recipes such as high-
temperature frying [5]. In a study investigating the concentration
of PAHs according to cooking method differences used in various
countries, frying (fry in Malaysian kitchens or stir-fry in Chinese
kitchens) produced higher molecular weight PAHs, such as benzo
[b]fluoranthene (BBF), whereas concentrations of low molecular
weight PAHs were higher in Indian kitchens where low-
temperature cooking (e.g., boiling) was used [21]. Korean cooking
methods do not include much high-temperature fried cooking seen
in Chinese methods, and most of the fuel sources at group meal
venues have been replaced by gas or electricity. Therefore, the
detrimental health effects of Korean kitchens have changed, and
the current effects cannot be demonstrated in past literature.
Furthermore, school cooking fumes differ from fumes in homes and
restaurants, as school cooking fumes occur from a large amount of
cooking in a short time. This cooking style can increase the dele-
terious effects of cooking fumes; however, few studies have
confirmed this finding. Therefore, the purpose of this study is to
provide basic data on health effects through the quantitative
evaluation of the characteristics and exposure patterns of cooking
gases generated in Korean school cooking environments.

2. Materials and methods
2.1. Selection of survey targets

In 2019, the total number of schools in Republic of Korea was
11,662. The cafeterias operated at 100% capacity. Most cafeterias
were directly managed by schools (Ministry of Education, 2019).
School cafeterias are mostly structurally similar as they are

The number of
survey target

The number of
public-school

School Total number of
level school cafeterias

in Republic of Korea cafeterias (% by region in
in one' region araw)
for survey.

(% by Republic of

Korea in a raw)
Elementary 6,087 120 (2.0) 9(7.5)
Middle 3,218 64 (2.0) 8(12.5)
High 2,357 59 (2.5) 8(13.6)'
Total 11,662 243 (2.1) 25(10.3)

The Office of Education in Republic of Korea (as of 2019).

 Metropolitan city located in southeast of Republic of Korea.

 One place was excluded from the survey because it was not operated on the day
of measurement.

installed and operated according to the plans and guidelines of the
Ministry of Education. The pre-check list was distributed to all
public-school field managers (mainly nutritionists) in a metropol-
itan city located on the southeastern coast of Republic of Korea and
was used to select field survey targets. The pre-inspection table
includes the number of meals per worker, work classification, caf-
eteria structure, area, ventilation method, ventilation state, heat
source, and work type. Ventilation states were classified into
“good,” “moderate,” and “bad.” If the ventilation condition was
checked as “bad,” the reason was listed in Table 1. Twenty-five lo-
cations were selected based on the preliminary inspection results.
Characteristics such as school level, ventilation state, method, and
internal structure were considered to select the survey target, and
poorly ventilated cafeterias were primarily selected through dis-
cussions with researchers and field managers (Table 2). The reasons
for poor ventilation included lack of windows, poor location,
external pollutants adjacent to the open place of the cafeteria (e.g.,
evacuation of the parking lot and dust from the playground), and
poor exhaust hood performance.

2.2. Selection of measurement region

Typically, Korean school cafeterias have similar structures.
Electricity, gas, oil, and steam are used as heating sources in most
school cafeterias. Electricity is mainly used as a heat source where
the rice is cooked in the school cafeteria. Canopy hoods are installed
close together at the top of the rice cooker, where chefs do not
linger as they cook. The primary substance generated during
cooking is water vapor and not measured. Excluding the rice-
cooking area, the school cafeterias’ heat originates from the grill

Fig. 1. Examples of measurement points in a school cafeteria.



I.-]. Lee et al | Cooking Fumes 229

and pot point (Fig. 1). At the grill, a crater directly supplying gaseous
fuel (e.g., LNG and LPG) is open to workers. The pot point has a
closed structure that receives steam or gas as a heat source through
a pipe. If a pot with a structure such as a gas stove is used, it may be
exposed to toxic gas due to gas leakage accidents or incomplete
combustion of heat sources. Measuring personal samples proved
difficult owing to the heavy instrument weights and food hygiene
concerns. Thus, an area sampling method was used. The in-
struments were installed 1.2 ~1.5 m from the floor at the nearest
pot or grill cooking location and outside the building (Figs. 1 and 2).

2.3. Measurement and analysis method

Measurements were conducted between June and July 2019.
General characteristics of the school cafeteria (e.g., number of cooks,
kitchen location, ventilation, and work characteristics) were
confirmed through manager interviews and observations. The
amount of CO, CO,, PAHs, TVOCs (including benzene), formaldehyde,
and airborne particles (PM1, PM2.5, and PM 10) were measured
(Table 3). CO and CO, were measured using a nondispersive direct-
reading method (TSI 7545, USA). Zero gas calibration for sensors
was performed before measurement according to the manufac-
turer’s field calibration menu. The device was warmed up for > 5
min before measurement, and the concentration ranges of CO and
CO, were confirmed by measuring the concentration in the atmo-
sphere. The measurement of CO and CO, began when cooking
commenced (or when the cooking situation changed) and ended
when the measurement stabilized. The maximum CO and CO5 values
were recorded. A total of 241 measurements were collected, and the
beyond-range CO, values were replaced with the device’s upper
limit value and used for analysis. The OPC (Grimm Portable laser
aerosol spectrometer and dust monitor model 1.108, Germany)
installed at the grill automatically measured and recorded fine par-
ticles (PM10 and PM2.5) at intervals of 6 s. The result value was
calibrated using the C coefficient calculated by the difference in PTFE
filter weight (mounted at the air inlet) before and after measure-
ment. Values above the 99th percentile were deleted and analyzed to
correct the outliers of the collected data. A total of 30,903 mea-
surements of collected particulate matter data were used for anal-
ysis. SOLID SORBENT TUBE (coconut shell charcoal, 100/50 mg, SKC
Cat no. 226-01) was used during the cooking process, and air was
collected at a rate of 0.2 L/min using measurements taken in the
kitchen (two areas—near the pot and grill areas; experimental
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group) and outside the building (one area; control group) to evaluate
TVOC (including benzene). The flow rate was corrected before and
after measurements. Sample measurement, transport, and analysis
processes were followed by the NIOSH 1501 method.

For formaldehyde measurements, cartridge-retaining silica gel
coating with 2,4-dinitrophenylhydrazine (SKC Cat. no 226-119) was
used at a rate of 0.5 L/min. The number of measurements and
measurement points was the same as those for TVOC. The flow rate
was corrected before and after measurements. Sample measure-
ment, transport, and analysis processes were followed by the
NIOSH 2016 method. Air was collected at a rate of 2 L/min using
FILTER + SORBENT (2 um, 37 mm PTFE + washed XAD-2, 100/50
mg, SKC, Cat. No. 226-1713/226-30-04) for PAH evaluation, and
silver foil was used to protect samples from light exposure during
collection and transfer procedures. The number of measurements
and measurement points was the same as those for TVOC. PAH
measurement and analysis procedures followed the NIOSH 5515
method. All instruments used for measurements were calibrated.
Blank samples were introduced and immediately sealed at the site
to correct processing errors (e.g., transfer analysis errors). The
measurement time was approximately 2 h and 30 min (from 9 a.m.
to 11:30 a.m.) and was only performed during cooking.

2.4. Statistical processing of measurement data

To identify differences in cooking methods by location on
kitchen or school level, we analyzed data using the 2 test. Pearson
correlation analysis was conducted to confirm the occurrence
pattern. The Kolmogorov—Smirnov test was used to determine the
distribution characteristics of the group (normality). The t-test was
used when the normal distribution of each sample group was
statistically determined; otherwise, the Mann—Whitney U test was
used to compare two groups, and the Kruskal—Wallis test was used
to compare three groups (SPSS version 22).

3. Results
3.1. General characteristics of target school cafeterias

The number of service meals per worker was the highest at 91 in
elementary schools. Six (25%) areas were determined to have poor
ventilation in the school cafeteria by their cafeteria managers
(mainly nutrition). School cafeterias were located underground in
four (16%) areas (Table 1).

Fig. 2. Examples of equipment installation and measurement.
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Table 3
Measurement and analysis for field survey
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Others

No Measurement item Measurement and analysis
1 CO, CO, Non-dispersive direct-reading method (TSI 7745,
USA)
2 Airborne Grimm portable laser aerosol spectrometer and
particles (PM1, PM 2.5, PM10) dust monitor model 1.108, Germany
3 TVOC

NIOSH MAM 1501 (SKC Cat no. 226-01, flow rate

Whenever cooking new food (241 data collected)

Automatically measured and collected data at grill
area in cooking room during the cooking time

2 places (pot and grill area, comparing group),

(Total Volatile organic compounds
including benzene)

4 Formaldehyde

0.2l/min, GC)

0.51/min, HPLC)

5 PAHs
(Polycyclic aromatic hydrocarbons)
rate 2l/min, GC)

NIOSH, MAM 2016 (SKC Cat.no 226-119, flow rate

NIOSH, MAM 5515(FILTER + SORBENT (2-um, 37-
mm PTFE + washed XAD-2, 100 mg/50 mg, flow

1place (outside building, control group)

2 places (pot and grill area, comparing group),
1place (outside building, control group)
2 places (pot and grill area, comparing group),
1place (outside building, control group)

3.2. Cooking method by location or school level

Cooking methods were analyzed by characterizing them as
oily-heavy cooking (e.g., deep frying, stir frying, and roasting with
oil) and oily-light cooking (e.g., boiling, steaming, mixed cooking
without much oil). There were differences in cooking methods by
location in the cooking room, and it was found that cooking
methods that use little oil were used more in the pot area than in
the grill area (Fig. 3). However, the significant difference was
borderline in cooking methods at the school level (Fig. 4,
p = 0.075).

3.3. Concentration and pattern of substances generated during
cooking

3.3.1. CO and CO,

The correlation between CO and CO, concentrations in the
school kitchen was significant and was particularly noticeable in
the minor oil cooking method (Fig. 5). Accordingly, the correlation
between CO and CO, was statistically confirmed in the pot area,
where there were relatively many cooking methods that rarely
used oil (correlation coefficient = 0.286; p = 0.005). The difference
in CO concentrations at the school level was statistically significant,
though the concentration was higher in middle or high school
kitchens than in elementary schools. This phenomenon was
particularly noticeable during oily cooking (Fig. 6). In addition, the
CO concentration exceeded the ceiling value of NIOSH (TLV-STEL, in

GRILL POT

+ Deep-frying

- Stir-frying

I Roast with oil

% Boiling

7,

+ Steamed

T T T T
60 0 2 0 2 40 60 N

Republic of Korea) of 200 ppm at one middle school (two mea-
surement values; Fig. 6).

3.3.2. PAHs, benzene, VOCs, and formaldehyde

The average concentration of PAHs in cafeterias was 10.6 ng/m3
(1.59)—geometric mean (geometric standard deviation)—with a
maximum value of 1,839.52 ng/m> (Table 5). Naphthalene (NAP)
accounted for the majority (70%~100%) of PAHs. BAP was not
detected in most cooking environments. The highest BAP value was
5.85 ng/m> (Table 4).

Among the PAHs in cafeterias, NAP was significantly higher than
outdoor PAHs (Table 4). The concentration of formaldehyde was
significantly higher in the cafeteria than outside. However, TVOCs
(including benzene) inside the cafeteria were not significantly
different from those outdoors (Table 5). As a result of comparing the
exposure difference by location in the cafeteria, there was no sig-
nificant difference in exposure for any evaluated substance.

In the PAHs (naphthalene) analysis by school level, the con-
centration in elementary school cooking rooms was higher than in
middle school cafeterias. Additionally, the formaldehyde concen-
tration was relatively lower in middle schools than in elementary
and high schools (Table 6).

3.3.3. Airborne particles (PM1, PM2.5, and PM10)

The correlation coefficient between concentrations of PM2.5
and PM1 from cooking was 0.90 (p = 0.000; Fig. 7). Concentrations
of PM2.5 and PM1 were significantly higher during oil-heavy
cooking (Table 7).

r Mix cook with little oil

GRILL POT
L Oily
cooking
[
o
°
=
3
o
=2
°
o
Little Oily
M cooking
T T T T T
100 80 60 40 20 0 20 40 60 80 100 N

Fig. 3. Difference in cook method by location in cooking room (%2 test, p = 0.001), 5 Cooking method: oily cooking (deep frying, stir-frying, roasted with oil), little oily cooking

(boiling, steamed, mixed cook with little oil).
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Fig. 4. Difference of cook method by school gradein cooking room (72 test, p = 0.075), 3 Cooking method: oily cooking (deep frying, stir-frying, roasted with oil), little oily cooking

(boiling, steamed, mixed cook with little oil).

4. Discussion

There was no difference noted in this study, unlike previous
studies, that showed that CO concentration was high in oil-based
cooking (e.g., frying) in comparison to water-based cooking (e.g.,
boiling) [20]. However, there was difference in CO concentrations
between school levels. This effect may be due to the number of food
ingredients (especially oil) [22], as the same recipe typically uses
more ingredients (like oil) for higher school levels than for lower
school levels.

Our study showed the association between CO and CO;; how-
ever, it would be difficult to predict the CO concentration from the
CO, concentration, as the coefficient was very low. Nevertheless,
both CO and CO, showed higher concentration trends in oil-based
cooking than non-oil-based cooking. CO in the kitchen is easily
absorbed by water vapor owing to comparable polarity [23], it may
be the the reason for the low CO and CO; concentrations in non-oil-
based cooking.

In addition, the highest concentration of CO was 295 ppm,
exceeding the ceiling value proposed by NIOSH. This exposure was
higher than the transient high-concentration complex exposure

300.0 o
o
E
o
o
T 2000
=3
3 o
=
g
&
c
@
g o
3
0o 6o
o
100.0
° o
o )
o
o

4000

3000
CO2 concentration(ppm)

o

(CO: 30 ppm, COy: 5,000 ppm) found in roasted pork belly in
commercial kitchens, as reported by Won-Seok Cha of Republic of
Korea. Compared to previous studies [8,23], the CO concentration
was relatively high as cafeteria cooking environments use many
ingredients at a time. Furthermore, this result is not derived in a
strict experimental environment, CO generated from fuel cannot be
completely excluded.

Although much of the oil-heavy cooking was performed at
school cafeterias in Republic of Korea, carcinogenic substances
were detected at a much lower concentration than that in a Chinese
cooking environment, where high-temperature cooking using oil
was common. In 1999~ 2000, 12 types of PAHs in the air were
measured in six home kitchens and four commercial kitchens in
China. The arithmetic average concentration of total PAHs in
commercial kitchens was 7,000 ng/m?, including PAHs consisting of
three or four benzene rings. Conversely, in Chinese home kitchens,
a total PAH concentration of 7,600 ng/m> consisting of two and
three rings was detected, with NAP as the main component. The
BAP level was 6.1 ~24 ng/m> in home kitchens and 150 ~440 ng/
m?in commercial kitchens [24]. In this study, the concentration of
total PAHs was 371.95ng/m> (446.32 ng/m>)—arithmetic mean

Cooking method* : Oily cooking

2000

)

€O concentration(ppm)
o

10004 -

R?=0.0156, p=0.127

H
°
LR ——
° 1733 0563
5 = °
o
T oo

1000 2000 3000 400

%
00 Qo

Cooking method : Little Oily cooking

CO concentration(ppm)
H
°

= o0 M= 7=0.088, p=0.007

L°C o = 3001

Slol o ° °

5 30 1000 1560 00 290
€02 concentration(ppm)

Fig. 5. The correlation between CO and CO, by cooking method in the school cooking room, % Cooking method: oily cooking (deep frying, stir-frying, roasted with oil), little oily

cooking (boiling, steamed, mixed cook withlittle oil).
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CO(ppm)

100.0

—

*

&

T 1 L
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Fig. 6. Difference in CO by school grade during the Oily cooking, T TLV-Ceiling: Exposure concentration should not be exceeded at any time during a complete cycle of operation or
throughout the work shift [8]. * TLV-STEL: 15 min TWA (Time Weighted Average) exposure limit and the concentration to which it is believed that nearly all workers can be exposed
continuously for a short period of time without suffering from 1) irritation, 2) chronic or irreversible tissue damage, 3) dose-rate-dependent toxic effects or 4) narcosis of sufficient
degree to increase the likelihood of accidental injury, impaired self rescue, or materially reduced work efficiency [10]. % Kruskal—-Wallis-test, k-independent sample, ordinal,
p = 0.000), Elementary<Middle (p = 0.000), Elementary<High (p = 0.000), Middle<High (p = 0.706), 3% Median in the box, 75% above the box boundary, 25% below the box
boundary, 95% above the whisker, 5% below the whisker.

Table 4
PAHs concentration differences by measurement place unit: ng/m?
Materials” Place* N AM SD GM GSD Min Median Max p
NAP' (2)° Indoor 46 311.42 312.09 9.87 1.54 40.76 161.28 1,300.65 0.02°
Outdoor 26 156.01 125.99 7.79 145 25.62 136.28 480.18
ANL (3) Indoor 46 8.08 2717 0.00° 33.07 0.00 0.00 133.63 0.11
Outdoor 26 0.5 2.42 0.00 8.37 0.00 0.00 12.36
ANE (3) Indoor 46 9.1 40.49 0.01 33.73 0.00 0.00 202.04 0.23
Outdoor 26 2.77 13.53 0.00 10.04 0.00 0.00 69.05
FLU (3) Indoor 46 8.84 17.45 0.29 31.55 0.00 2.09 834 0.07
Outdoor 26 234 5.36 0.07 43.22 0.00 1.1 27.63
PHE (3) Indoor 46 8.84 17.45 0.29 31.55 0.00 2.09 834 0.05
Outdoor 26 234 5.36 0.07 43.22 0.00 1.1 27.63
ANT (3) Indoor 46 0.22 0.85 0.00 6.96 0.00 0.00 3.57 0.07
Outdoor 26 0.09 0.46 0.00 4.45 0.00 0.00 2.34
FLT (3) Indoor 46 0.8 5 0.00 7.29 0.00 0.00 33.89 0.08
Outdoor 26 0.00 0.00 0.00 1 0.00 0.00 0
PYR (4) Indoor 46 2.07 9.93 0.00 17.08 0.00 0.00 66.44 0.6
Outdoor 26 0.00 0.00 0.00 1 0.00 0.00 0.00
BAA (3) Indoor 46 0.00 0.00 0.00 1 0.00 0.00 0.00 1
Outdoor 26 0.00 0.00 0.00 1 0.00 0.00 0.00
CHR (4) Indoor 46 0.02 0.14 0.00 294 0.00 0.00 0.97 0.45
Outdoor 26 0.00 0.00 0.00 1 0.00 0.00 0.00
BBF (5) Indoor 46 0.06 0.42 0.00 3.03 0.00 0.00 2.88 0.45
Outdoor 26 0.00 0.00 0.00 1 0.00 0.00 0.00
BKEF (5) Indoor 46 0.04 0.18 0.00 4.39 0.00 0.00 0.91 0.28
Outdoor 26 0.00 0.00 0.00 1 0.00 0.00 0.00
BAP (5) Indoor 46 0.31 1.22 0.00 7.01 0.00 0.00 5.85 0.18
Outdoor 26 0.00 0.00 0.00 1 0.00 0.00 0.00
ICP (6) Indoor 46 0.3 1.15 0.00 7.32 0.00 0.00 5.24 0.19
Outdoor 26 0.00 0.00 0.00 1 0.00 0.00 0.00
DAH (5) Indoor 46 0.15 0.72 0.00 9.3 0.00 0.00 4.8 0.29
Outdoor 26 0.01 0.04 0.00 3.68 0.00 0.00 0.22
BGP (6) Indoor 46 1.35 5.36 0.00 8.8 0.00 0.00 26.17 0.65
Outdoor 26 0.04 0.19 0.00 4.26 0.00 0.00 0.96
» LOD(ng/ml): NAP, 0.18; ANL, 0.09; ANE, 0.11; FLU, 0.10; PHE, 0.11; ANT, 0.11; FLT, 0.09; PYR, 0.07; BAA, 0.19; CHR, 0.09; BBF, 0.17; BKF, 0.12; BAP, 0.15; BGP, 0.08; DAH, 0.10;
ICP, 0.10).

* PAHs: NAP(Naphthalene), ANL(Acenaphthylene), ANE(Acenaphthene), FLU(Fluorene), PHE(Phenanthrene), ANT(Anthracene), FLT(Fluoranthene), PYR(Pyrene), BAA(Benzo
[a]anthracene), CHR(Chrysene), BBF(Benzo(b)fluoranthene), BKF(Benzo(k)fluoranthene), BAP(Benzo(a)pyrene), ICP (Indeno(1,2,3-cd) pyrene), DAH (Dibenz(a,h)anthracene),
BGP(Benzo(ghi)perylene).

T T-test for two groups.

¥ Place: Indoor (Grill point and Pot point in cooking room), Outdoor.

¥ p<0.05.

Y Number of benzene rings (source: NIH, National Library of Medicine).

= Cut to three decimal places, not real zero. Treated less than LOD (Limt of Detection) as 1/2 LOD.
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Table 5
Formaldehyde, benzene, PAHs, and TVOC concentration differences by place (ug/m?®)
Materials Place” N AM SD GM GSD Min Median Max D
Formaldehyde' Indoor 46 6.47 442 1.98 1.52 0.06 5.76 18.52 0.00°
Outdoor 26 2.66 1.88 1 6.09 0.00/ 2.03 6.88
Benzene Indoor 46 11.94 8.57 2.59 1.46 0.52 10.95 50.29 0.46
Outdoor 26 10.46 7.11 2.26 1.71 0.33 11.57 19.96
PAHs' (ng/m>) Indoor 46 371.95 446.32 10.16 1.59 40.76 163.12 1,839.52 0.02
Outdoor 26 168.18 151.23 791 147 27.47 137.25 617.34
TVOC Indoor 46 147.03 327.05 6.5 1.64 1.09 95.94 2,237.82 0.7
Outdoor 26 92.2 71.45 6.19 1.48 498 64.27 301.21
% LOD: Formaldehyde 0.0018ng/ml, Benzene 0.15ng/ml, Treated less than LOD as 1/2 LOD.
* Place: Indoor (Grill point and Pot point in cooking room), Outdoor.
 T-test for two groups.
¥ Mann—Whitney test for two group.
¥ p < 0.05.
I"1/2L0D.
Table 6
Formaldehyde, benzene, PAHs, and TVOC concentration differences by school level
School level PAHs (ng/m?) Naphthalene (ng/m?) Formaldehyde (ug/m?>) Benzene (ug/m>) TVOC (ug/m?>)
N AM' SD P N AM SD P N AM SD P N AM SD p N AM SD P
Elementary 20 57448 558.05 0.005* 20 456.81 35870 0.005* 20 733 417 001* 20 1131 831 022 20 10619 72.15 0.50*
Middle 13 124.29 76.15 13  122.01 74.85 13 391 3.98 13 9.25 3.84 13 73.57 39.79
High 13 308.04 329.98 13 27717 283.85 13 7.70 444 13 1561 11.32 13 28331 602.11

% Kruskal—wallis-test, k-independent sample, ordinal, * p < 0.05.
= Arithmetric means.

(standard deviation)—with a maximum value of 1,839.52 ng/m°,
about 4.8% of the average exposure in Chinese home and com-
mercial kitchens. BAP was not detected during cooking. The
maximum value of BAP detected was 5.85 ng/m> and lower than
the minimum exposure concentration in Chinese home kitchens.

Cha and Kim (2020) found PAHs with four benzene rings such as
BKF and BBF, in the measurement results for two food service
workplaces in Republic of Korea. However, these levels were very
low. In addition, no BAP were detected. The frying temperature was
estimated to be 170~180 °C, lower than the temperature
(280~300 °C) required for PAHs with five or more benzene rings to
become gases [8].

In specific samples of this study, some PAHs with many benzene
rings were detected, although their levels were very low. For example,
using fried cooking <3 hresulted in a significant difference in the PAH
concentrations between cooking rooms and outdoors. However, this
effectis owing to the difference in NAP, which accounts for most PAHs.
PAHs with numerous rings were found to be more toxic than those
with fewer rings [20]. The main PAHs in cooking fumes are 3 ~4 ring

g/
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compounds, regardless of the cooking method, oil amount, and food
type [22,24]. However, our results showed that 2~3 rings were
predominantly used in Indian cooking rooms [21] (which contain
dishes like stews) or Chinese home kitchens.

TVOCs, including benzene, were generated during cooking.
However, there were no significant differences in their concen-
trations between cooking rooms and outdoors. Formaldehyde
concentrations were significantly higher in school kitchens than
outdoors, with an average concentration of 4.81 ug/m3 (2.60)—
the geometric mean (geometric standard deviation)—and a
maximum concentration of 18.52 ug/m3 , which was as low as
20% of the domestic office management standard (100
ug ug/mLm3) in Republic of Korea. The average concentration of
PM2.5 in school cafeterias was 24.78 ug/m? , including areas
using heavy-oil cooking, which was slightly higher than the
average concentration of 20.1 ug/m3 in the area at the initiation
of the study. In 2008, Pang et al. found that the average exposure
concentration of PM2.5 in 23 Taiwanese restaurant kitchens was
58.8 ug/m3 (geometric standard deviation 1.6), with a median
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Fig. 7. The correlation between PM2.5 and PM1, PM10 concentration during cooking process in school cooking rooms.
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Table 7
PM1, PM2.5, PM10 concentration differences by cooking method at the grill area unit: ug/m?
Cooking method' PM 1" PM 2.5 PM 10
N AM SD Median Max p N AM SD Median Max D N AM SD  Median Max p

Qily cooking 16,221 19.40 24.80

Little oily cooking 14,682 1291 11.38 9.80 227.90

1330 346.70 0.00% 16,221 24.78 36.87
14,682 1585 17.17

1530 367.90 0.00* 16,221 36.19 129.36
11.20 350.00 14,682 22.00 50.35

17.00 6169.00 0.00*
12.90 4516.40

Average PM2.5 concentration in A area (metropolitan city located in southeast of Republic of Korea) of 2019: 20 ug/m3 (2019 Jun 21: 18 ug/m3 , 2019 July:18 ug/m3 , 2019

Aug:17.9 pg/m3).
Available from: air KOREA (https://www.airkorea.or.kr).
* Mann—Whitney test for two group, * p < 0.05.

 Cook Method: oily cooking (deep frying, stir-frying, roasted with oil), little oily cooking (boiling, steamed, mixed cook with little oil).

value of 56.9 ug/m3 . The median value found in the school
cafeteria was 15.30 ug/m3 , and very low [25]. However, its
maximum concentration was 367.90 ug/m3 , corresponding to a
dangerous air concentration level of AQI (EPA’s Air Quality Index)
[26]. Thus, the harmful effects of short-term exposure could not
be excluded.

5. Conclusion

Known carcinogens of school cooking fumes in Republic of Ko-
rea have lower concentrations than those found in the literature on
Chinese cooking fumes. However, short-term high-concentration
exposure of some substances (e.g., CO, CO,, PM 2.5) in cooking
fumes was also confirmed, and adverse health effects such as car-
diovascular and respiratory diseases would be expected. In addi-
tion, as most epidemiological studies of cooking fumes and lung
cancer are based on epidemiological data from China, additional
exposure data and health effects reflecting the specificity of do-
mestic cooking environments and epidemiological studies are
required for Republic of Korea.
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