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Analysis of Air Quality and the Management Plan for Exposure to
Hazardous Substances in the Garage of a Fire Station

Je-Seop Park - Dong—Hun Han’

Fire Technology Research Division, National Fire Research Institute of Korea

ABSTRACT

Objectives: The aims of this study are to derive the characteristics of diesel exhaust gas emissions generated
during vehicle checking in the garage of fire stations and of the related improvement plans for proper air

quality management.

Methods: The researcher measured changes in the air quality inside garages according to the operating
conditions of the exhaust facility and before and after vehicle checking at three fire stations.

Results: During the checking of fire engines, a large volume of hazardous substances exceeding management
standards were generated, and improvement of the discharge facilities was required for proper air quality

management.

Conclusions: It is necessary to study the hazard evaluation of firefighters’ exposure to exhaust gas, to operate
exhaust gas ventilation facilities, and to prepare technical standards for proper indoor air quality management.

Key words: air quality, diesel exhaust, exhaust ventilation facilities, hazardous substance, vehicle checking

Aol B
Solm o) s kAT e e
oo] AupAlE 47] B9 At Gule) 52
A5l A BL g Al AE HEE ANk
A& Rlo], Xtide] HE Aol ek Hi7]
7120 2" 7lsAlo] =on, ZESH= HH7]7}/\‘—
Azt AZE o IR gMlst] 27 k&S

245}t 22 QIt}, 0|2 dHlely| el ARPYAL x}_]_;q

Holls gt A28 E sk W7 7tAS Aot
A QRZ wiEsty] gt w77k wiEAduE AA -
gt Qo Iy wi77kA siEAEIE AXske
IYollA sl ARFgA] 7P HESE wiEAH 79
9] A7, 71& A0 wet F-&s] HX7t Hod=Aol
gt o, I3 A2 & G3HH 02 vir|7tAE HiE
StaL Aol tigt BrE AAISE Al BR1] g4t
(NIOSH, 1990).

Hj7]7kAE oAl wi7|EolA A5o] A4y
Bl 9E= vigsEs 2e Hfy] B8-S Ok, 57
£ Z3sH kA B 34 A B2 5 B9 SRER
FA=o] 9ltiMichalak, 2004; HSE, 2012). 3] ]
A ARO] Ehd Ah A LAlsters, AAAISHE, &
ASHE, TSR, doolo|s, AER, oSSt
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45 50| APHEKSydbom et al., 2001; Kear &
Niemeier, 2004). T4 Hj7|7}A0] A2 <Ax19
3, A 4], A Foig, Axle] fAEE, A=
o] £4 5 27| wt et a4t 24 S IAE
ShetA, oJAlkgtetA, AAIRNE 9 F7]7F HA| 87|17t
A AT 99%E AA| S HKear & Niemeier, 2004;
McDonald et al., 2011).

Hj7|7kA0) A BjE = YA E4(soot particle)
3717} 5 oAl A9 A7 =(proximal airway)7t
A goht AR Huof o tiEE AA=ET, 5 m
ot FQ HE(alveoli)7HA] E=E3HHSydbom et
al., 2001). Hzo] 49 2uNAA= EHE 59
AroR gitste] of f 7HsdE S7HAI71AL At
HAo] oY, A F1l 58S HI A AFARS
et 4= Qlt}. E5] Aty Zo| sHdFoe s HA
HiZ717kA QAR eEd A% WS d7A] gt
= oo 7%, =, AZ, X 5 ohgst 7oA
ASHHE o= Qg A4, 557, AdEA deS 7
SITHASTDR, 2012).

Hi717kA QAEE 5 d3dQ 420 ek
ESkeASpolycyclic aromatic hydrocarbons, PAHs)
L o= 34X S(U.S. Environmental Protection
Agency, EPA)OIA 35~509] &2] PAHs % A -5l
4 B7FE 9l 1652 Y B4R &St o
(EPA, 2002). 281 dl= AP E AR
(National Institute for Occupational Safety and
Health, NIOSH)2 ©@7] =& SHARS 19 104 &
2 71E08 5 mg/m’T 1F 40A17F 28 71&EeR
10 mg/m’C.& #43k3 JATHNIOSH, 1992; Taxell
& Santonen, 2017). E3F 1950€XE 2009\ 7]
60¢7t 30,000 AHEo] AHMAS oz o HhAY
(&3] =H9h 9 XAREC] tigt I3t A A3}, A
o] fA Hi7|7kA 5 AN A7 AE 8110 gt
oy 9 Ho m2 o IS 704 ¢l
A A5k, 20128 6¥ AlAEA7]7HWorld Health
Organization, WHO) Ak} ZA|4A+4(International
Agency fir Research on Cancer, JARC)= t& Hj
717v20] tigt QIA| fsid B7RE S5 HA Hi7|7EAL
HRFEA 532 group 2A90A group 102 ARRF 24
SFATHIARC, 2012; TARC, 2013). U=l AbHHE A%
(Occupational Safety & Health Administration,
OSHA)Z dAd vj7|7tA7t 388 &3l 2 551
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P8l Agd, 537 4% 52 24

HGarchick et al., 2008;

A7 w2 Al HY
Aol =i Aalst
ASTDR, 2012)

Hj7|7kA wiEA | AREFOlA W& EE w77t
A5 ZHsto] HE 55 9 oldotal 371834
2 Agloto] AR 3718 $8718 B QR= Hf
Eoh= AH] AlAgolnh Hi7|7A HiEAHE A
A Z3A] O AWE71de] 8%t /A4, TEE Bl
Aol folEdo REHA] YEF = AL
Ao it} A = AAL] AX|H vi7]7kA by
SAH= IA TR AR, $3714], 9E §94,
vy 9 SAA W §Y SA40] 85I 9l
o}, o] F 7P 2ragt WAl $87142 Ak &
Holuh HAo| $Z7](blower)E AX| 5t Y Z7|E
QIR A wiEohs Walo|th 198 FAF WY A
I QPHANE]S] Xp31x] ol AHx|5te] WAYSH= Y7
TIAE AR YRE Eoji= WH4lolt) ey o] ¥
A2 $F718 Bl FE=E Bojl= 3717F ZarA] €t
7HA @S] HiEEA] o] dizell Al AAY
Alo] ofyt}, F HA YE FY4A 2|9 FH 9
il Ao W77 EAE SYE ¢ U= W YE(fan
duct)g AAoto] Y L AELS JHE wiE&ote
Ao Adu] vralo] theeolal FA| T 7} 49, i
o] Bigolu} WA Ax|=o] F3F &-8/do] ot 17
U vj7|7kA &) Qs 3H]Rpo] Wol -850 &
Z717F 8ottt Al A vie &Y SAAL FAY
Hgo] &9+ underground pit/E "E AA|5t] &
J#S Bl YHEZE viEste Ao, FYF FAb
7} vl igEEg Avtdido] &sotrlol 7P |
Stal Z7HE Q1 A|ekE ¥R orof Ak A|7F FAgE 3o
FE2 L5 Qlrh I8y 7|E dEC] AR A HY
=2t 9 Ao o2 Fx Ao EAVE WEE 7t
540l e AWHARE ARVt E7Fssttt wix|ere.
2 A1 &Y A4 §940] A= 1 FY 3
Hj 7)ol 23 Faboto] QR HjEsh= WHlo|t
o SAS}F 7|7 ehds] ARt ) aabA
2 H7I7EAE HiET 4 Lo, ul=at dE2 5 AR
oA F= Aeista Q.

FT Ao BAME] digt #Ailo] Frtstel
ulgl vj7|7kA wiEAH|e] Ax|go] Frketal Jlou
HjEAE9] 5844 24 5 AYEA U 3718 B E
gt HESE 71& 71 Al A F7PE o]FojA] ¢

1 o dor
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396 gAY - otEE

1 gick mreb 2 oA AHA Aol 3
% A5 H Ol TS WslkAY B A
B} o2 ARz wiEshy] I8 A - 2FHL
Lk e B8 BA, o8 Bely B4
A 242 59 294§ 3719 BB 9% AM
Wohe nhetshag steic

g A9t
VORI g Auhos: et A
Sl WAL 170~190 m?, 2R BATIS, Be%
3 5ol FAT 229 A 3 AR 49 A
QB4 EL Haskeb) 9 AYT A 2~34]
A0 BAAEIE don Ay, WA 4
240 584 B/l v GPAEETYL, BY B
o

Y5, Vi FUsLL)e A7 A 124 o

23U RS hYoE 4¥S APshAr.
2. 917

1) A ST U AR [
24 e AR
4 71% A4 9 BEPHS 28
A BUe SR tholgAd 59 A
2 ARTFAT TG ARIPARA

7| Be) ARG Fusto] AgakAom, FopRE
2] 7122 ok Table 1o Helolae). 23 B¥e %

Table 1. Exposure limits for hazardous substance

SYHIsle] =(HCHO), °l4FA(NOy), BIAIHAI(PM;o,
PMys), S3LA-R713RME(TVOCs), oAEIEA(COy),
ARIHA(CO)E A5ttt Ao = E HiE
Bl oAEIEHSO)2 H71EH 71E EEE 2 AT
A= AlQdstelth Als AFH A2 A 5714 T8Al
3 7129 Aug7] edEA A AH L HrhgHo|
wel g Ho2HE (2 m &0], RE HHORHE
1 m o Bojxl ZaolA HFsAt. wi717tA wiE
AH] 384 A4S R AR AT A4S ' 1
Ao g A& 4okl =42 37] "o =Y #
T2 2Asto] 1087 ZHSIH A Als A
A Foll= A&, S S5 9AE Uo] 33 Eﬂé}
Aot JAd T8 T FES H7I7E o]Fod & Sk
607t 71 Hi71E AAISHARLL, 304, 60& /\]ﬂ
oA 23] ZHSII AaA W S A A7) T
A7](smoke generator, FT-100, Antari Co., U.S.A.)
£ ARESto] ZHA 71U 1A S714H]of ofgt 37
5 A2 4 7|5 EAY FH AAsHA] = X2
2 A5t

2) RlEE & FH|

HCHO% 2,4-dinitrophenylhydrazine® & &4
cartridge® ©]&st 9F 1 L/min%] f¥C=2 1087t
ZASIHTHMP- X 100H(SIBATA Co. Japan). A&%
AHFE 7IER A= deoto] &4 A7 Y4 Hast
AUk Alm BAE A&/ HA A =rkE /A H
Z7|(high performance liquid chromatography/
HPLC/UV)E AR&5H3iTh

¢

ultra-violet detector,

Hazardous substances

Ministry of Environment?

Ministry of Employment & Labor™

Fine dust(PMsq)
Fine dust(PMzs)
Carbon monoxide(CO)
Carbon dioxide(COy)
Formaldehyde(HCHO)
“Total volatile organic compounds(TVOCs)
"Nitrogen dioxide(NO,)

150 ug/m*
50 ug/m
10 ppm
1,000 ppm
100 ug/m*
500 ug/mt
0.05 ppm

150 ug/mt
50 wug/m
10 ppm
1,000 ppm
120 ug/m* (0.1 ppm)
500 ug/m
0.05 ppm

* : Ministry of Environment recommendation criteria

T Ministry of Environment, Enforcement rule of the indoor air quality management act for multi-use facilities

T Ministry of Employment and Labor, Occupational Safety and Health Act article 21, paragraph 7., Office air
management guideline

www.kiha.kr
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TVOCs+= 47 AUl I f713dE SATHES
02602.1)2.2 Z7ot3ict. ZA4] ZH]l MP-X30KN
[I(SIBATA, Japan)g AR&st o, IAE2R_] 0.1
L/min® o2 e HEE AZslo] 1087 A
Hstak. AEE AFT AT B4 A7A] 3
7 Bieiqith. 42 TtaaEntE )/ AR A 7]
(GC/MSD, QP-2010 ultra, Simazu, Japan)o& &
A5} CO, COz NOy= A2 AH|E 0]&5td]
ottt AMSSE Gl A7|skeR] AllA whAlo =
Graywolf 1Q-610xtra(U.S.A)E ARg3Io] HAIZ =
gttt

3) HiZ|7tA HHEAH| E8d &M

A A W ZpF HAH Al Hi77RA vEAE]e] 384
= ERIst7] flof viEAdY] A5 ofFo] wE Ad &
71’4 ¥gE S5kt Al AY A 1*]7} OVJ
5] S71E skeleH, A A] WRES oF 54 1
d A2 o AFx|e AdH HeE 52 78:-:::
st AR A 242 OAFF 3R +HHE
Al m)E, @RFF JAQOD+EA Al Al
Hj&Au] 2= 2A0 7 AL a4 BEE 9
of Hr g2 @akF J3FAQoH+AA T ¥ A4
2AE F7tE AAsteith A JA48-2 AA A J4
I FASHA AAHH. wiEAH] A5 Al A A3
B2 F 602 3% N e@ug Ssista, 4
Aur] 242 AFHH T8 F AW FEYES E4
At 308 A A7 St

Table 2. General information of selected fire station

S FFES —]—-’—E:]"}cq ]’o

(Diesel Particulate Filter, DPF)— XOPZ}%]- i}f'(}

O|AT}. HAr A2 2F 18

3
) =]

3 wpAlo| T, AR
Q A

T—

Oﬂ —zr%‘ﬂ—fo] A staL AFFAl0] FUSo YA
AT EAAIE ZaA] QR 9 Hj7|7tA viEAH]
@_7‘] 252 Figure 19 A& skt

C FaAlE =& J_4 TVOCs %— = ’34‘41—‘—712% e

g 7|1EAE 25 9] A PAlEE AR &

U7k A Fuio] QIx|ste] ko mtE WA
H717ks 9 23 W TVOCs AR A s
Ao ogETt BY C FHAEE BEGIC] n

S 7 HasolA Tt

5719 ikt AaLA] Y

of o= AASIT Y E Z AHISA 5o
TVOCs ZA¢o= 223t Aoz F=Hr},

Station A Station B Station C
Garage area(m?) 176 190 170
Garage size
(LWxH. m) 15.8x12.0x6.3 15.3x13.0x5.4 15.0x14.0x5.6
Number of parking space 4 4 4
Number of car hold 4 4 4
Endine tvoe Pump(6,299cc, 18) Water tank(6,728cc, 10) Water tank(6,728cc, 18)
(Capacit gmantljf‘)acturin Pump(5,899cc, 14) Pump(5,899cc, 10) Water tank(6,299cc, 17)
pacity., ! 9 Rescue(2,797cc, 16) Pump(6,299cc, 18) Pump(6,299cc, 17)
Y Ambulance(2,497¢cc, 16) Ambulance(2,497cc, 16) Ambulance(2,497¢cc, 18)
Construction year 2017 2018 2017
. Suction hose Suction hose
Ventilation type Fan duct (Ceiling) (Underground pit)
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Fire station A C

Type Fan duct

Suction hose (ceiling)

Suction hose (underground pit)

Installation

,7

Suction part

Outside view

Figure 1. Installation by type of exhaust gas ventllatlon facility

Table 3. Concentrations depending on sampling sites

Fire station Sampling site PMio PMas TVOCs €O HcHo €O NOz
(ug/m*  (ug/m®  (ug/m’ (opm) (ug/m?) (ppm) (opm)

Office 21.2 10.1 1,862.5 705 26.7 0.8 0.020

A Corridor 53.7 35.1 546.6 653 30.5 1.0 0.030
Storage 69.6 35.8 228.5 636 33.8 1.0 0.020

Office 15.1 5.3 389.5 517 18.3 0.3 0.020

B Corridor 17.3 5.1 213.8 402 70.0 0.2 0.020
Storage 26.8 6.5 2,106.8 564 20.8 0.5 0.030

Office 71.2 28.6 695.1 596 28.4 0.2 0.010

C Corridor 93.1 374 647.6 596 20.0 0.2 0.010
Storage 57.3 26.1 2,728.2 452 314 0.1 0.020

D)XMHFANSHE ™ - =

Table 4= A}=F A4 %
SR S4% Aot
EoA 7EAE XS
2,929.97 ug/ar, 4,640.53 ug/cm 2,188.77 ug/er’ <=9
& 7ISAE 4.5~9.34 2351t HCHO+= 192.53
ug/e’, 343.77 ug/ar, 897.57 ug/ar <OE 7|EAE
1.9~9.08 =3}stolct. H-5 o] A4lat ] AJH,

2 4
Wi

[

)

=

. fo
R

it

i)
roooh &
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Table 4. Concentrations of fire station garages before and after checking of fire engines

Meantstandard deviation
Fire station Sampling PMao PM2s TVOCs CO, HCHO CO NO.

(ug/m°) (ug/m®) (ug/m?) (ppm) (ug/m®) (ppm) (ppm)
Before ~ 83.974#5.71 38.30:0.85 151.7491.9 432.0#446 27.20+5.63 0.60+0.17 0.02+0.00
After 55.4311.18 42.67£2.08 2,930+£168.7 3,857£197 192.5+£18.7 13.47£0.91 0.03x0.00
Before 22.03£t0.59  5.17£0.25 512.5£130.7 405.3£7.1 9.70+2.79 0.20£0.00  0.02£0.00
After 70.60£10.55 36.00£2.49 4,641£1,981 4,490£421 343.8#66.1 20.50£2.77 0.02+0.01
Before  86.50+8.41 38.97t5.44 688.3t101.4 436.3t78.9 21.93#6.21  0.13+0.06 0.02+0.00
After 34.13t3.64 19.27+1.57 2,189+445 3,750£576  897.6+988.8 17.30+5.58 0.02+0.00

Table 5. Concentrations of fire station garages after examination of fire engines with natural ventilation

Meanztstandard deviation

Fire station PM1o PM2s TVOCs CO, HCHO Cco NO;
(ug/m?) (ug/m?) (ug/m?) (opm) (ug/m?) (opm) (opm)
A 64.33+6.09 34.07+2.63 502.4+165.8 468.3+42.0 18.604+9.25 0.37+0.06 0.03+0.00
B 64.03+1.29 35.07+1.58 674.31249.1 507.0£30.8 27.10+7.81 1.10£0.20 0.03+0.00
C 30.23+4.86 15.37£2.31 331.24¢328.7 526.0£88.7 52.53+23.30 1.17£0.71 0.02+0.00

6000 30

-@- Fire Station A =-&-- Fire Station B --4#-- Fire Station C «« e Fire Station A «sA+ Fire Station B «+ 4@ Fire Station C
5000 25

4000

CO; (ppm)
w
(=]
(=1
8

2000

1000

TR, o T SR |

iiidsies '
0 5 10 15 20 25 30 35 0 25 5 75 10 125 15 175 20 225 25 275 30 325 35
Time (minute) Time (minute)

o
o

Figure 2. COx(left) and CO(right) concentration changes during fire engine checkings and with natural ventilation

_llN'

o s e T ogdEdel b WslE A% WjE G84S 24T Aot AT &Y 544w
T 712 olstm WA AasATt o B BAAS A F7 AT SA0] ABAR
(Figure 2). 12]7 30% A% & FaA W 0@24  2ANA TVOCsS ALle UeiA 2 @d2do] Srt

é

o B WA Al 5 GAGET AN MEE 712X olskz AAEgIh et TVOCsS] Sk
A Sk 3R AIAR Y T gaslt AR 71EAE Zaste] AauA W 0FRY AR ki )
Z7lote S HAL, ol oY HIMEVE B BF A0E vehdth HE FYNE Y B2o] 4
A ER2Ho] JABIL TR obtE WAV AL 9 ® FUT AN% 2o vis B8R %) Hux

£ 897 5402 99 9% 2Bl A e RAEUS B Ann Na Toias 23 &
2 995E Ao® o Q) BN AF T ARE Aol wet e WA ol

A4 W LIEAE FEE 7P A A8kt
4) Hi7|7tA HIEAHIE e 24 24 (Figure 3). €3] CO, CO,, PMo] gt AlAg°] t}=
Table 62 1A Y AXd #j&4u|o] QJ=H A HTE EQkT) H}% £Q] TAA2 HCHO, CO,
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Table 6. Removal efficiency by diesel exhaust ventilation facility types

Type Fan duct Suction hose(ceiling) Suction hose(underground)
. + + Removal Removal Removal
Substance  BVC VCN VCV ratio(%) BVC VCN VCV ratio(%) BVC VCN VCV ratio(%)
(UZ'\/"rg’a) 840 554 551 054} 220 706 235 6671} 865 341 528 54841
(upg“;'fr-fa) 383 427 323 2436, 52 360 62 8278} 390 193 207 7.25%
(Déc/)rg?) 151.7 2930.0 5163 8238} 5125 46405 6983 84.95] 6883 21888 8224 6243

HCHO
(ug/mg) 272 1925 33.7 8249| 9.7 3438 283 91.77) 219 8976 271 96.98|
(SpOni) 4320 3857.0 6343 8356b| 4053 4499.0 5273 8828) 4363 3749.7 5703 84.79|
(pcp%) 0.6 135 09 9333} 0.2 205 0.1 9951} 0.1 17.3 04 9769}
(gﬁi) 0.02 0.03 0.02 33.331 0.02 0.02 0.02 0.00} 0.02 0.02 0.02 0.00}
"BVC: Before vehicle check TVCN : Vehicle check + No ventilation

TVCV : Vehicle check + Ventilation

—e— fan duct - @ suction hose(ceiling)
--&--suction hose(underground)

B wu o
L L 1

Concentration (rpm)
w
.

0 5 10 15 20 25 30 35 40 a5 50 60 70

Time (minute)

Figure 3. CO concentration changes by ventilation facility types

CO, & 714 ofSI= $AHION TVOCsE 71E 2 dok @} A% §9 TA4L ek v 7ot F9
g zA59Th B3] PME A5 T WRego] o8le o] @als) A Feolof sht Fuo] Axe A
A et @B AaA W HEo] AR oo g FY TANY FAPE A WA FFS AR
A0z eIt ol FUTOH e w7 kel she TgelA v1Re] B4 BUlEe ATk B

ftfo

%
A A
7HFo] QA glo} WS o oiET AW 2 BV EH FHE LS Qo 3% 7=
o 9 5L Hlete] ALe] vet 343 ghst o] Was o wekwch

52 HEE ste] ANSAG B8] DaE Fez

AR Eojok sk, Hhe BS) BAAS B7|H} A V.o &

ZE dRHoR U9 olFS Zol7] YE T2 B

S 7T Qe TET aAEEe] Wil A AE AN W ATAE 2] B% - Ak, A
Apetch Aolsha e 9IX7H WAE A% SAR 24 A% AT g A 58 s FoR vk
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Foll=d WAdoe] &AR. 53] 1Y 23] AAsk=
AF Als AL A ZHY Als2 A AdEiollA
Hd3o] o]FojX|n, th4=9] Arjtfeo] o] HAgojlA L
LY Hi7|7kA] eEE I Qlrh & A Aol A 2}
F Als F4 T TVOCse AW 3714 e 7] o
H| Zofj 9.38 23} HWAsk= AL ERIsk. o|= <l
of x|} IS S5 G049 LFEE s
o 71EE 2Iote= AHIZE AT Kim et al
(2019)0] A& & 47 AFHAEE oz 33t
AYE71d FrMolA, & 1159 {3548 5 TVOCs,
COg, sulfuric acide g% 9 185 7|EHT}
Z+ 258, 2280, 1.18) ZIetct d8jal ARREF
Alsd4d, SFuH84, &5 9 A4 dACA A&
Hj&E2 % HCHOS acid® 59 &2 & U2
silskint. webd APAF U A Als A4 Al A
At HoAH|E 2 & AAIsks AS #Esel] f
S LEER] ALs FE 7]E0of gt 17
I EEAT Yo EREY e 5= B3 0
et A5 o F1ho)] H: HEysfop it

=Y 2 R 1192HAE ol A= ald QEEATE o)l A
+HE At 5 5To] HY, EESEe, 9t
o] WS, o] F 3ol AFGsTt. g QHHAlE

T udRt 159 e tiet AR w5 S 8 T
okt 2 517H2015~2019) &
HE5EY & - AMSA @ A= o5, & o U
A= 142702, et yo] 48.0M(EZHA £9.49
A, S7tHmedian) 49.54], d4dol 90.85%(129%),
4 9.15%(138)E Uetedth. 58 AT AT
(38%), YH209), BAL(107), 7HHE), LB
1), HHT), FEAGE), Y E5E3%) 52
e

oA vf7]7kAo] thek A F-ol/dS OSHA report
(OSHA, 2013) “Hazard alert for diesel exhaust/
diesel particulate matter’s 53] 15=2] tA uj
717kA8F 9A A B U L EE 5§, &5,
= I, 59 A%t A5 52 8T & vkl Harst
Aot 283 A7 ke AREE, 4334 4
3 S571A A% 293 Hete] I RS ST
Il AFshleh. APgAR X aA|of| A LAk HY
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F7kzol g S WA aTiUY R
2ol oiet 247 R4 Blek BAIS 915} B 3
Yo, Ao WE, Yo e F71H 02 ot
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