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Summary

This study carried out the measurement and analysis of indoor air quality at
the passenger terminal of Jeju Airport from 2014 to 2018 to 2018. Measured
contaminants for indoor air quality degradation were targeted at PM-10,
PM-2.5, carbon dioxide (CO2), formaldehyde (HCHO), carbon monoxide (CO),
nitrogen dioxide (NO2), radon (Rn), and volatile organic compounds (VOCs),
as provided under the Act on Management of indoor air quality. The
measurement method was carried out in accordance with the National
Institute of Environmental Research Notice "Internal Air Quality Process Test
Standards,” and the number of measurements was measured in accordance
with the "Airport Environment Control Standards” specified in the Land,
Infrastructure and Transport Ministry. The effects of indoor and outdoor
environments were investigated and compared and analyzed to identify the
factors affecting the measurement results. Finally, the measurement results
were compared with the criteria specified in the Maintenance Standards and
Recommendation Standards of the Indoor Air Quality Management Act to
determine whether they were appropriate.

According to the measurement and analysis of indoor air quality, PM-10
was measured at 25 - 669 pg/m3, PM-25 was 89 - 252 pg/m’, CO. was
4975 - 735.3 ppm, Formaldehyde (HCHO) was 9 — 49.1 pg/m’, and carbon
monoxide (CO) was measured at 0.1 - ppm, Nitrogen dioxide (NO:) was
0.007 - 0.037 ppm, radon (Rn), 648 - 47.18 pg/m’, and total volatile organic
compounds (VOCs) were measured at 57.5 — 202 ug/mg.

As an investigation into the effects of indoor air quality on indoor air

quality by indoor environment, it was confirmed that there could be an inflow

- Vil -



of outdoor air through indoor and outdoor ventilation, the generation of
metabolites due to the activities of the occupants, building materials such as
internal paints, and everyday items such as clothing worn by passengers.
Comparing the indoor concentration effects of PM-10, PM-2.5, CO and NO-
due to the inflow of outdoor air, the effects of indoor concentration due to the
increase and decrease of outdoor air quality were not confirmed.

Based on the measurement results of indoor air quality at Jeju Airport’s
passenger terminal, it was confirmed that the results were within the

standard in all items.
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Table 1 Contribution rate of domestic passenger at Jeju airport

Performance ratio

19.1%(total 45,863,244)

30.9%(total 34,760,162)

36.6% (total 40,935,642)

Increase rate

22.2%
39.6%

Passenger

8,793,142
10,749,027
15,010,737

Year

2000
2005
2010
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Table 2 History of Jeju Airport

1940 1942. 01 Japanese army airfield installation
1945. 08 U.S. military government took over the airfield
1949. 02 Civilian aircraft service initiated
1958. 01 Jeju airfield installation
1968. 04 Promotion to international airport
1970 1979 - 1983 Jeju International Airport extension
Establishment of Jeju branch of
1985. 09. 06 . .
Korea Airports Corporation(KAC)
2000 2000. 07 Opening and operating of the new cargo terminal
2004. 06. 08 Start operation of new control tower
2009. 11. 25 Opening of new international terminal
2010 2012. 12 Completion of Jeju International Airport extension
Completion of the Jeju International Airport
2019. 03 L. .
landside infrastructure expansion
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Table 3 Composition of airport facilities by function

An area where passengers use overland transportation to make
detours, park and drive in and out of the processing unit

To handle ticketing, baggage handling, seat assignment,

immigration check, quarantine, security, etc. to the area

responsible for the start and end of air travel

An area where the boarding, shipping or unloading of an
aircraft of passengers or cargo is carried out

Access interface

Processing

Flight interface
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Table 4 Relationship between comfort-related factors and satisfaction(KAC-CSI)

human
behavior

plan order type, menu option method

Universal applicability — care for the elderly
and the disabled

Relationship | Standard
Element eoe .
Specific approach element with return
statement . . . .
satisfaction coefficient
Using a working window
provide fresh air environment
Healthy and ;
Delivers a pleasant warm and sound
p.leasant environment + 0.240
indoor :
. Use of healthy green materials
environment
Rest, recreation, space creation
(internal landscaping, rooftop recording, etc.)
Linkage with the | Spatial continuity, visual continuity
surrounding Introduction of external elements - -0.079
environment into the room
Flexible spatial composition
User-oriented . ; .
L User participation - select closing again,
application of - 0.183
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Table 6 Types of ventilation methods

Infiltration of indoor and outdoor air with both windows
and doors closed

Excess of indoor and outdoor air with windows and doors open

ventilation by means of mechanical force of the machine

Infiltration

Natural

ventilation

Mechanical

ventilation
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Table 7 Indoor and outdoor sources of air pollutants

Indoor source

Outdoor atmospheric source

Natural Artificial

- A human retiree

- Plants, pet animals

- Cooking and heating
- Building materials

- Smoking

- Combustion tools

- Maintenance Tools

- Cleaning activities, etc.

- Soil and rock fragments )
] - Fuel burning
- Forest fire o . .
- Emissions from industrial
- Sea salt
processes, etc.
- Volcano

- Particulate matter formed
from H>S, NHj; NOx
and HCs

- Emissions non-industrial
sites

- Vehicle exhaust

Table 82 A o] kst grjed=d TAYLS BHojFa

Table 8 Major indoor air pollutants and sources

- Ozone

- Particles
- PAHs

- Pollen

- Radon

- Micro-organisms

- Organic-substances

- Fungal spore

- Sulphur dioxide

Pollutants Major source

- Allergens - House dust, pet animals, insects (bugs)

- Asbestos - Fire-proof, insulator

- CO2 - Metabolism (human respiration), combustion,
garage cars

- CO - Fuel burning, boiler, stove, gas or kerosene;
the heat-heater

- HCHO - Particle board, insulator, furniture

- People, animals, plants, and air conditioning systems

- Adhesives, solvents, building materials, vaporization,

combustion, paint, cigarette smoking

- Photochemical reaction

- Redistribution, smoking, burning

- Fuel burn, cigarette smoking

- Outdoor air, wood, grass, weeds, plants

- Soil, Building Construction Materials (Concrete, Stone)
- Soil, plant, food, interior surface

- Outdoor air, fuel burning

_14_
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Fig. 6 Health effects on stationary and air pollutant concentration

Table 9, Table 10 3 Table 1194 o]4tstgt4, HCHO 3 2+F e d=2dd

Table 9 Effects of CO2 concentration

ppm Description
700 Allowable concentration to many people in room Pollution indicators are assumed
1,000 Allowable concentration in general cases when the physical and chermical
2000 - 5,000 Permissible concentration used for conditions of the air are not the
’ ’ ventilation calculation harmful limits of the CO; itself and
more than 5,000 As a very poor the concentration of CO; increases
40,000 - 50,000 Respiratory central stimulation
Breathing for 10 minutes, strong Oxygen deficiency
around . . .
favorable shortness of breath, facial, accompanying disorder occurs
80,000 .
causes headache quickly
100,000 Lethal level of concentration
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Table 10 Symptoms of formaldehyde concentration

ppm g/’ Description
0.01 - 16 125 - 200 The lowest value that eye stimulation begins
< 0.04 < 50 Nervous tissue stimulation initiated
005 - 1.0 625 - 125 The lowest concentration to feel smell
0.08 - 1.6 100 - 200 Stimulation of the eyes and nose
0.25 - 033 | 3125 - 4125 The onset of respiratory failure
0.5 62.5 The lowest value that stimulation of the neck begins
2 -3 2500 - 3750 A stabbing pain in the eye
10 - 20 12500 - 25000 Tears in one’s eyes
30 - 37500 - A life-related risk, toxic wastewater
Table 11 Effects of indoor air pollutants on human body
Pollutants Effects

Dust, heavy metal

Silicate, pneumoconiosis, tantalum, asbestos, etc.

Asbestos

Skin diseases, respiratory diseases, lung cancer, etc.

Cigarette smoke

Headache, fatigue, bronchitis, pneumonia, bronchial asthma,

(HC, PAHs) lung cancer, etc.
Combustion gas Chronic lung disease, increased airway resistance, central
(CO, NO) new management, etc.
Rn Lung cancer, etc.
HCHO Eye, nose, and neck irritation, cough, vomiting, skin disease,
rhinitis, emotional anxiety, etc.
VOC Fatigue, delirium, headache, vomiting, dizziness, central
S
nervous system suppression, etc.
Odor Loss of appetite, vomiting, insomnia, mental nervousness, etc.
O3 A cough, headache, asthma, and allergic disease

Microbial substance

Allergic diseases, respiratory diseases, etc.

_17_




N
(5}
H
=
>
=
OR
~
]
M
o
=}
H

2
~
M

2. 3.1 “AWe71d gyl o3 dlerid #e s

Sl vsol g tiE Allerld #evleS ARl AA - e sta
Ji= AlEIE BE el AAE o] vk EHell okl AL T oA
e g Hel e e vsol Al sFE T Table 12914 = A

714 Aol A Aeta = tzol&Alde e duerd fA7IE 3 A

a7lE FEel g 7IEAE HYER AL o

i_‘

o

=

Table 12 Standards for indoor air quality management of multi-use facilities

(a) Maintenance

Pollutant | PM-10 | PM-25 CO; | HCHO | TAB CoO
Multiuse facilities (ug/m’) | (ugm’) | (ppm) | (pg/m') | (CFU/m) | (ppm)

Underground station, underground
shopping mall, raillway history
waiting room, waiting room of
passenger motor terminal, waiting
room of port facilities, passenger
terminal, library, museum and art
gallery of airport facilities, large
stores, funeral hall, movie theater, <

academy, exhibition facilities, 1’0700
Internet computer game industry

< 100 | < 50 < 100 -

IN

10

sales facilities, and public bath
facilities

Medical institutions, postpartum

IA

7D | < 35

IA

care centers, geriatric care 80 | < 800

facilities, daycare centers

IA

An indoor parking lot < 200 - < 100 - 25

An indoor gym, an indoor
performance hall, a work facility,
and a building used for more
than one purpose

<200 - - - - -
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(b) Recommendation

Pollutant NO2 Rn VOCs mold
Multiuse facilities (ppm) (Ba/m') (ug/m*) | (CFU/m’)

Underground  station, underground
shopping mall, railway history waiting
room, waiting room of passenger
motor terminal, waiting room of port

facilities, passenger terminal of airport

facilities, library, museum and art = 0l = 20 )
museum, large store, funeral hall,

academy, exhibition facility, internet < 148

computer game making industry sales

facilities, public bath facilities

Medical institutions, daycare centers,

nursing facilities for the elderly,] < 0.05 < 400 < 500
postpartum care centers

An indoor parking lot < 0.30 < 1,000 -
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Table 13 Overview of the facility

Location

Yongdam 2-dong, Jeju-si, Jeju—do

Scale

127,740m* (B1/4F)

Passenger capacity

31.75 million(domestic 27.4 million/int’l 4.35 million people)

Approach traffic A parking lot, a driveway, and bus stops

Processing A waiting area, a security search
.. . Airlines, national institutions, airport
Composition Office
operators, etc.
Amenities Children’s playroom, children’s restroom

Sales facility

Duty—free shops, food and beverage stores, etc.
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Fig. 15 Measurement equipment for Rn

3) A F7138E(VOCs)

3771 3 3HE(VOCs) 2] =471+ Fig. 169 YERA MP-230KN(mini volume
air sampler)®} Tenax -TA tube(ZAF2#)S AHE3AT SAHMHLES 1A S
2343 A ZEntEagxE - MS, FIDHO 2 =432, Tenax -TA tube

2 MP-Z30KNS AFg3te] 0054 /min®] $%02 zbzb 3087 1% 23] E3

B

(a) MP->30KN (b) Tenax -TA tube

Fig. 16 Measurement equipment for VOCs
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Fig. 17 PM-10 measurement results of domestic terminal
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Fig. 18 PM-10 measurement results of international terminal
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Table 15 Indoor environment factors affecting the PM-10 concentration

(a) Domestic terminal

Location Sources
Air circulation Mechanical ventilation, entrance doors
Floor dust Natural precipitation
Arrival Access road Vehicle emission
Human factors Dust from shoes(passenger, etc.)
Other factors Floor cleaning with wet mops

Air circulation | Mechanical ventilation, void through escalators

Floor dust Natural precipitation
Departure
Human factors Dust from shoes(passenger, etc.)
Other factors Floor cleaning with wet mops
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(b) International terminal

Location Sources
Air circulation Mechanical ventilation
. Floor dust Natural precipitation
Arrival
Human factors Dust from shoes(passenger, etc.)
Other factors Floor cleaning with wet mops
Air circulation Mechanical ventilation
Floor dust Natural precipitation
Departure
Human factors Dust from shoes(passenger, etc.)
Other factors Floor cleaning with wet mops
4. 1. 3 A9 &7 Foll &gk 93¢
Fig. 199 Aeloq =H" PM-10 =9 oAAgEnd Ayor =
PM-10 dA| A+t sx9 vju THZE et A9 v+ Ht 47
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Fig. 19 Comparison of indoor and outdoor PM-10 concentration
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Table 16 Average concentration of PM-10
(Unit : pg/m’)

1st quarter 2nd quater 3rd quarter | 4th quarter
2014 30.0 30.0 29.9 29.8
2015 30.0 30.0 27.3 30.0
2016 30.8 35.2 30.6 25.1
2017 30.3 25.0 31.0 25.5
2018 325 26.6 66.9 32.8
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Fig. 21 PM-2.5 measurement results of international terminal
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Table 17 Indoor environment factors affecting the PM-2.5 concentration

(a) Domestic terminal

Location Sources
. . Mechanical ventilation, entrance
Air circulation .
Arrival automatic doors
Access road Vehicle emission
. . Mechanical ventilation, void through
Air circulation
Departure escalators
Apron Aircraft, Ground equipment, etc.
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(b) International terminal

Location Sources
) Air circulation Mechanical ventilation
Arrival - :
Apron Aircraft, Ground equipment, etc.
Air circulation Mechanical ventilation
Departure - :
Apron Aircraft, Ground equipment, etc.
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Fig. 22 Comparison of indoor and outdoor PM-2.5 concentration
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Table 18 Average concentration of PM-2.5

(Unit : pg/m’)
2014 2015 2016 2017 2018
10.6 25.2 22 8.9 10.6
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(Unit : ppm)
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Fig. 24 CO; measurement results of international terminal
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Table 19 Indoor environment factors affecting the CO> concentration

(a) Domestic terminal

Location Sources

Mechanical ventilation, entrance

Air circulation .
automatic doors

Arrival Access traffic road Vehicle emission gas

Arrival passengers(moving), welcoming

Human activities .. . )
visitors, staff(mainenance, commercial)

Mechanical ventilation, void through

Air circulation
escalators

Departure .
Departure passengers(waiting),

Human activities . ) )
staff(airline, mainenance, commercial)
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(b) International terminal

Location Sources
Air circulation Mechanical ventilation
Arrival o Arrival passengers(moving),
Human activities . ) ) )
staff(quarantine, immigration etc.)
. ) Mechanical ventilation, void through
Air circulation
escalators
Departure ..
o Departure passengers(waiting),
Human activities L . .
staff(airline, mainenance, commercial)

b
Aelsta sl 2, SAd 22 2 SAd SRA AN = SAANY A
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Fig. 25 Comparison of CO. with domestic arrival passenger
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Fig. 26 Comparison of CO; with domestic departure passenger
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Table 20 Average concentration of COs

(Unit : ppm)

1st quarter 2nd quater 3rd quarter | 4th quarter
2014 545.0 611.0 560.8 562.7
2015 529.0 646.0 693.0 608.3
2016 526.5 554.0 644.0 497.5
2017 565.3 555.0 690.5 713.5
2018 735.3 562.3 570.8 690.0
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Fig. 29 HCHO measurement results of domestic terminal
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Fig. 30 HCHO measurement results of international terminal

4. 4.2 AWgAol g %

Table 2114 += HCHO s=°l 9% v
AL A3E YEr itk HCHO® & 292 &) o AsatAoly, du<d

7, BAE L SW 59 A8 4% BAde] 4 & e FA5Y
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Table 21 Indoor environment factors affecting the HCHO concentration

(a) Domestic terminal

Location Sources

Artificial marble tile floor, steel plate

Building materials . ..
column, paint covered concrete ceiling

Arrival
Human factors Apparels, cosmetics
o . Rubber tile floor, steel plate column, paint
Building materials ) o
Departure covered concrete and plastic ceiling

Human factors Apparels, cosmetics
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(b) International terminal

Location Sources

L . Rubber tile floor, steel plate column,
Building materials ] o
Arrival plastic ceiling, etc.

Human factors Apparels, cosmetics

o . Rubber tile floor, steel plate column,
Building materials .
Departure steel plate ceiling, etc.

Human factors Apparels, cosmetics

4. 4. 3 #2443

o AME B o] BARLE 2L BAF A9 A4 Ul HCHO
2AE A% L g%, H4E 5o Aeid 9@ oz FAAYL =
4717k A HCHO 24 A%E Table 220 bR om, AA 4o A
4 wey wel)E 100/ m e E3eA 9 Ao vehdth

Table 22 Average concentration of HCHO
(Unit : pg/m’)

1st quarter 2nd quater 3rd quarter | 4th quarter
2014 40.0 49.1 32.6 34.2
2015 13.0 18.1 116 12.6
2016 9.0 16.8 195 136
2017 13.1 15.1 22.0 19.9
2018 13.6 17.3 21.1 194
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Fig. 31 CO measurement results of domestic terminal

Fig 32+ A4 AFe CO FAHZA}E el v =%
Oppm - &7ppm, ST UFAANAE= Oppm - 42ppmo = FH |
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Fig. 32 CO measurement results of international terminal
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Table 23 Indoor environment factors affecting the CO concentration
(a) Domestic terminal
Location Sources
. . Mechanical ventilation, entrance
Air circulation .
Arrival automatic doors
rriva ; 5 -
Access traffic road Vehicle emmision gas
Combustion N/A
. ) Mechanical ventilation, void through
Air circulation
b . escalators
SREEEEE Apron Aircraft, ground equipments, etc.
Combustion N/A
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(b) International terminal

Fig.

97t

Location Sources
Air circulation Mechanical ventilation
Arrival Combustion N/A
Apron Aircraft, ground equipments, etc.
Air circulation Mechanical ventilation
Departure Combustion N/A
Apron Aircraft, ground equipments, etc.
4.5. 3 A9 &7 el 9% d3F

332 Aol SA4H" CO &= AAEHME A FHHE CO HA

wro] Hlm I EE UEhfATh 24 717 F 20179 1 - 3R712 A9

Aol gi71de] Fxot A 54 F=7F FARRE Ao = e AIRE thA A
Al

o] ti7]Ex: Wste] wE Ay
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Fig. 33 Comparison of indoor and outdoor CO concentration
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Table 24 Average concentration of CO

(Unit : ppm)

1st quarter 2nd quater 3rd quarter | 4th quarter
2014 0.9 1 0.7 0.8
2015 0.4 0.6 0.3 0.3
2016 0.6 0.3 0.2 0.1
2017 15 3.3 15 0.4
2018 0.9 0.8 0.3 0.6
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Fig. 34 NO; measurement results of domestic terminal

Fig 35 A4 %9 ¢

0.007ppm - 0.037ppm, =4

NO, H3A#E tehla Ak =X

tf gt o A= 0.005ppm - 0.039ppm

W 3t 0.007ppm - 0.038ppm O = L}EFRETE

_49_

lo



(Unit : ppm)

oM
010

o
S

"

,t
g

O 090 90 9O O
R8BI

CONCENTRATION OF NO,(ppm)
o
&

0011

o
8

Fig. 35 NOy measurement results of international terminal

4.6. 2 AHgA ] dF

Table 25914+= NO; s=o F&F2 v & e AHEd 8o g A}

238 GEigth #718 B9 4987 f40 F w4de Ao

Table 25 Indoor environment factors affecting the NO: concentration

(a) Domestic terminal

Location Sources
. . Mechanical ventilation, entrance
Air circulation .
Arrival automatic doors
rriva Access traffic road Vehicle emmision gas
Combustion N/A
. . Mechanical ventilation, void through
Air circulation
b escalators
eparture . B
D Apron Aircraft, ground equipments, etc.
Combustion N/A
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(b) International terminal

Location Sources
Air circulation Mechanical ventilation
Arrival Combustion N/A
Apron Aircraft, ground equipments, etc.
Air circulation Mechanical ventilation
Departure Combustion N/A
Apron Aircraft, ground equipments, etc.
4.6. 3 A &7 el o d3F

Fig. 362 A< NO, sXx=9 oAgnd AW NO, Bt Fkof nlal 1
UEb AT Aol tir1d e weet
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Fig. 36 Comparison of indoor and outdoor NO: concentration
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Table 26 Average concentration of NO;

: ppm)

(Unit
2018

0.037

2017

0.031

2016

0.008

2015

0.007

2014
0.025
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Fig. 37 Radon(Rn) measurement results of domestic terminal
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Fig. 38 Radon(Rn) measurement results of international terminal
4.7. 2 AREA g I3F

Table 279045 CO, =0 G2 MA + = ey axel og 24
Asks el gEe F wade 9 g4, Ass 2 9 A% Anw
A EAARANAE B 22 Y B4H 2ol BARE GEA I I

e Fe15A gkt

Table 27 Indoor environment factors affecting the Radon(Rn) concentration

(a) Domestic terminal

Location Sources

oy . Artificial marble tile floor, steel plate
Building materials . ..
Arrival column, paint covered concrete ceiling

Environmental factors N/A

o . Rubber tile floor, steel plate column, paint
Building materials ) o
Departure covered concrete and plastic ceiling

Environmental factors N/A
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(b) International terminal

Location Sources
L . Rubber tile floor, steel plate column,
Building materials ] o
Arrival plastic ceiling, etc.
Environmental factors N/A
o . Rubber tile floor, steel plate column,
Building materials .
Departure steel plate ceiling, etc.
Environmental factors N/A

4. 7.3 #AA%

oA ud Al 484 E A EA4% A3 AAH W Rn F 2O EA
= Al AdsAAR Aem SHAT. FA7IF A Rn v FA 9 24
A 3= Table 280 WER o™, dAH oz dWgrid dey #27]IE 148Bq
/m'e Z23EA = Aowm Yy
Table 28 Average concentration of Radon(Rn)
(Unit @ Bg/m’)
2014 2015 2016 2017 2018
6.48 7.4 9.3 13.88 4718
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(Unit : pg/m’)

CONCENTRATION OF VOCs

Fig. 40 VOCs measurement results of international terminal
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Table 29 Indoor environment factors affecting the VOCs concentration

(a) Domestic terminal

Location Sources
oy . Artificial marble tile floor, steel plate
Building materials . .
Arrival column, paint covered concrete ceiling
rrva Human factors Apparel
Other factors Floor waxing
o . Rubber tile floor, steel plate column, paint
Building materials ) e
D covered concrete and plastic ceiling
eparture
D Human factors Apparel
Other factors Floor waxing
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(b) International terminal

Location Sources
L . Rubber tile floor, steel plate column,
Building materials ] o
plastic ceiling, etc.
Arrival
Human factors Apparel
Other factors Floor waxing
L ) Rubber tile floor, steel plate column,
Building materials .
steel plate ceiling, etc.
Departure
Human factors Apparel
Other factors Floor waxing

Table 30 Average concentration of VOCs
(Unit : pg/m')

2014 2015 2016 2017 2018
57.5 112.9 134.6 194.9 202
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Appendix Outdoor air pollutants concentration
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PM10 PM2.5 NO, co
(ug/m') (pg/m*) (ppm) (ppm)
03-18 115 - 0.018 0.6
& | 0609 12 - 0.005 0.2
b 0902 28 - 0.004 0.2
10-30 36 - 0.023 0.3
03-17 60 33 0.028 0.4
o | 06-04 42 14 0.014 03
1] osu 26 10 0.017 0.3
11-09 79 60 0.014 0.7
03-15 62 37 0.022 0.4
2 | o601 56 35 0.012 0.3
L] o829 17 4 0.008 0.1
11-22 35 8 0.011 0.2
03-20 43 37 0.015 0.3
o | o612 12 17 0.007 0.2
% 08-30 27 17 0.007 0.2
11-07 38 29 0.013 0.2
03-26 81 50 0.023 0.6
o | 0523 42 15 0.008 0.2
1] o911 32 11 0.005 0.2
11-05 48 37 0.019 0.3
¥ A5 EA o o] =& ol (airkorea.or.kr)
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