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ABSTRACT

It is to assess the indoor air quality of the chemical hazardous materials exposed to the fire after firefighters returned
to the fire scene. The research subject randomly selected four fire stations located in Seoul, Korea. Two fire stations were
set up as control groups after the return of the firefighting activities at the actual fire scene, and two other fire stations
were set up as control groups to measure the air quality of the room at normal levels regardless of the action. We conducted
24-hour monitoring for all fire accidents that occurred in Seoul Metropolitan using fire safety map computer system. Also,
indoor air quality was measured immediately after homecoming if the experiment group was to be dispatched due to an
accident of intermediate or larger scale. 11 hazardous substance items such as fine dust, formaldehyde, volatile organic
compounds, PAH, VCM, acidity, asbestos, CO,, NO,, O; were measured according to the process test method. Three of
11 types of harmful substances exceeded domestic and foreign standards, and one of them was found to be close to foreign
standards. In particular, total volatile organic compounds, carbon dioxide and sulfuric acids were 2.5 times, 2.2 times and
1.1 times higher than the standard. Also, for formaldehyde and sulfuric acid, it was measured higher in the control group
than in the case group. This findings could be used in policies to improve indoor air quality in the fire station of the Seoul
Metropolitan Government.
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Table 1. Measurement Site of Indoor Air Quality in Fire Station

No Air Quality Measurement Sites

Behind the Fire Stations Garage
(Fire Vehicle Real Area Wall)

119 Center Office and Waiting Room
Fire Fighter Waiting Room

Fire Investigation and Inspection Office Room

DA W

Fire Command Vehicle Indoor
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Table 2. Demographic Findings of Major Facilities in Fire Stations

Fire Station
Distribution
A (Case) B (Case) C (Control) | D (Control)
Built Year’ 2012 2006 1996 1993
119 Center Office 80.3 70 241 121
Fire Investigation Office” 66.42 22 241 13
A
(Unitr:eami) Fire Investigators Waiting Room 18 10 18 13
119 Emergency Dispatch Center 66.42 66 160 35
Garage 538.4 555 844 495
2 4/2 5/3
Window-Ventilation Fan/ 119 Center Office 2173 14/
Door Fire Investigators Waiting Room 31 1/1 2/1 31
(Unit: Number) 119 Emergency Dispatch Center 8/1 4/1 4/1 6/1
Garage Door™ 7 7 4 4
Garage Ventilating Shaft' 0 2 1 0
(Unit: Number) Smoke Eliminating Facility* 3 0 4 6
Number of Fire Engine’ 24 12 18 20

*Built Year : The Year of Completion of the Initial Fire Station, In Case of Reconstruction, the Year of Completion at the Time

of Reconstruction.

“Field Command Team : Area of the Office Space Occupied by the Personnel Carrying out the Fire Investigation Work.

kK
Garage Door :

Doors Installed to Distinguish the Outside from the Garage.

"Ventilating Shaft : Ventilation Facility Installed in the Ceiling of the Garage and Included Air Supply and Air Exhaust.
*Smoke Eliminating Facility : Ventilation Facility Installed in the Ceiling in the Garage Without Vent.

"Number of Fire Engine :
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Table 3. Overview of Indoor Air Quality Measurement in Fire Station

Measurement Objective A B C D
Measurement Date 11/11 1124 11/25 11/25 Sample Total
Measurement Time 11:04-18:30 15:37-23:26 10:06-16:36 19:17-02:10

PM,y 5 5 5 5 - 20

PM,s’ 4 5 5 5 - 19

Real Time COo,’ 4 4 4 4 - 16

Monitoring CO 5 5 5 5 - 20

NO, 5 5 5 5 - 20

Method & o8 5 4 4 4 - 17

Pollutants HCHO 10 10 10 10 3 43

voC 10 10 10 10 3 43

Active Asbestos 5 5 5 5 3 23

Sampling PAHs 5 5 5 5 3 23

Acid 5 5 5 5 3 23

VCM 10 10 10 10 3 43

"Data Logging has not been done Due to Problems Such as Battery in some Sections. A When Measuring Fire Station PM,,, Equipment
That Matched the Vehicle: 14:31-15:41, Equipment That was in Comprehensive Situation Room: 15:41-15:53

“"Measuring Equipment That Fits the a Fire Department Garage is Equipment That Measures PM;p, PM5 is not Measured..

"For CO,, Four Data are not Stored due to Abnormality of Equipment in the Equipment That Measured at each Fire Station. A Fire
Office 119 Center Office (Office 2) CO,, Equipment is Turned off due to Battery Problem (13:14-13:38) Data Logging does not Work.
fAn Error Occurred in One of the Instruments Measured by Four Fire Stations. Therefore, O; was not Stored in Three Locations,
Including a Fire Station.

Table 4. Average Concentration Level of PM;y by Area in Fire Station (Unit: pg/m’)
Fire Station Vehicle Garage Waiting Room Office Room1” Office Room2™
A 64.5 96.5 45.1 63.6 64.8
B 38.8 52.8 22.7 233 26.8
C 30.7 38.6 20.2 16.1 18.1
D 429 44.0 20.4 24.1 30.2

*Office Room 1: Emergency Dispatch Center Office
"Office Room 2: 119 Center Office

322 ESYUHBEIE A=A 9] st CaA Sl AaolA 27t e BAE
Table 5 4341 ) 2 Tool 4 249 LEAUSE o Ws) JUHOE B BT SFo] SN, CAWA
o) sxolth, TEAUSI =l o A 87 712 100 = Aol AuIAE BB WA o] JLITHTable 7).
pgm e 2398 AL QAT ARBANA T B FE
= 98.6 pg/m' o] a1, BARA A= 20.3 pg/m', CARFA ol A 3.2.4 CreHISEEERSI=A(PAHS)
£ 307 pg, DANACIAE 260 pgm o) ATk % 16 Tl DEFEUSFLE BASG O Wt
e 2 OBPFSURTLE A8 424 Ygton
323 SSMMSIBRIS(TVOC) U SMMSIBIRISVOCs)  42¥ DEgSusss $RE Uzwde] U5
AHA W 2 Tl ZAR FIWARAIGTEY o B, AU FAEE JIGAN FE G4 1gEF
BE FES ALPAL CAPA AT FelM A A1FE | wF7|Ze) WA ke FFo]rKTable 8)
o A 3 FIEAF7IBHEH Bl e 7122 500 pe/m' &
Z7}3}9] tH(Table 6). 3.2.5 HIZZR210|=(VCM)
3, Y RTIHAE BRAG wmdabe] A9 &AL Y 2 Teld 248 dshide] B4A

ksl A A ehs] =5 X, A338 A43, 20193
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Table 5. Concentration Distribution of Formaldehyde by Area in Fire Station

Concentration (£g/m’)
Measurement Fire Meastrement Site Measurement | Measurement | (Indoor Criteria of Ministry of
Date Station Start Time End Time Environment: 100 pxg/m’)
Value Mean
2016. 11. 11 A Garage 12:20 13:08 7.6 531
2016. 11. 11 A Garage 13:18 14:08 98.6 '
2016. 11. 24 B Fire Command Vehicle 15:57 17:46 20.3 17.6
2016. 11. 24 B Fire Command Vehicle 17:53 20:25 15.0 '
2016. 11. 25 C 119 Emergency Dispatch Center 10:57 11:37 26.4 8.5
2016. 11. 25 C 119 Emergency Dispatch Center 11:38 12:32 30.7 '
2016. 11. 25 D Waiting Room 20:02 20:37 242 951
2016. 11. 25 D Waiting Room 20:40 21:06 26.0 '
Table 6. Concentration Level of TVOC by Area in Fire Station
. . . pg/m’
Fire Station Measurement Site
Value Mean
A Fire Command Vehicle 4,497.3
2,483.9
A Fire Command Vehicle 470.6
A 119 Emergency Dispatch Center -
- 2,041.2
A 119 Emergency Dispatch Center 2,041.2
A Fire Inspection Waiting Room 639.6 1512.1
A Fire Inspection Waiting Room 2,384.6 T
A 119 Center Office Room 569.8 5742
A 119 Center Office Room 578.6 ’
A Garage 1,003.7
1,377.0
A Garage 1,750.3
C Garage 779.6
679.5
C Garage 579.3
Table 7. Concentration Level of VOC by Area in Fire Station
Occupational Exposure Limit by TWA Concentration (unit: ¢g/m')
Site Fire Station Pollutant -
ppm mg/m Results Mean
543.41
A 423.42
303.43
n-Hexane 50 180
392.03
C 334.89
277.74
Garage
360.59
A 288.25
215.92
Toluene 50 188
253.78
C 225.26
196.74

EE A5oA AEFHA LUTHTable ).

3.2.6 AH=(Acid)

N 2H A R SHE AR FE 52

A=k

Aok CaA o] AfarollA SAHE 7h2Ad ikl

N N

A e o
Lo

e £ ooff 2
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Table 8. Concentration Highest Level by Area in Fire Station

A -2 9

Type of Pollutant A B C D
PAH Naphthalene (¢g/m’) 3.49 0.85 11.69 0.41
VCM Chloroethylene (ppm) N.D. N.D. N.D. N.D.
Hydrogen Chloride (ppm) 0.0183 N.D. N.D. N.D.
Acid Nitric Acid (ppm) 0.0612 0.0167 0.0125 0.0190
Phosphoric Acid (ppm) 0.0050 0.0023 0.0117 0.0055
Sulfuric Acid (mg/m’) 0.0590 N.D. 0.6854 0.0071
Asbestos (f/cc) 0.0015 0.0010 0.0018 0.0012
Table 9. Average Concentration Level of CO, by Area in Fire Station (Unit: ppm)
Fire Station Vehicle Garage Waiting Room Office Rooml Office Room2
A Average 738 415 487 ok 1,024
Maximum 2,143 953 668 ok 1,339
B Average 808 HoE 784 658 605
Maximum 2,202 ok 931 973 979
Average 439 ok 1,033 1,120 578
¢ Maximum 496 ok 1,205 1,362 794
D Average 485 *kk 1,078 528 850
Maximum 583 ok 1,326 816 1,292
*Office Room 1: Emergency Dispatch Office
“Office Room 2: 119 Center Office Room
""Device Error
3.2.7 MMH(Asbestos) 4. 11 =
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Figure 2. A model for improvement of ppe management system for incident response activity including fire.
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