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Strategies for Efficient Management and Operational Status of
Vapor Recovery Systems at Gas Stations
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Abstract  This study investigated the operational status and exposure characteristics of vapor recovery systems (VRS) at
gas stations in Korea and proposed strategies for improving management efficiency. Literature reviews and field measure-
ments were conducted to evaluate the current management system and actual exposure conditions around gas stations. The
results showed that VRS have contributed significantly to reducing volatile organic compounds (VOCs) emissions and
improving economic benefits nationwide. Previous studies reported removal efficiencies of approximately 82~94% for total
hydrocarbons (THC) and BTEX compounds near fuel dispensers. However, field observations in this study identified repeated
short-term high-concentration exposure events despite the operation of VRS. A total of 90 spike events were detected during
the observation period, and peak THC concentrations reached up to 54.0 ppm, approximately 37 times higher than the
baseline concentration. The findings suggest that the current management approach, which primarily relies on recovery
efficiency, may not adequately reflect actual exposure conditions at gas stations. In addition, the uniform application of a 90%
recovery efficiency in emission inventories may lead to uncertainties because of equipment aging, leakage, and operational
variability. Therefore, future management strategies should incorporate exposure-based assessment methods, periodic field
evaluations, and consideration of Stage Ill vapor recovery technologies for improving both environmental and occupational
health protection.
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A Rr1ete=E
VOCs) =487, F71-8A4 AR, A2, HAHA],
ARs2t v 717k 9] Q1914 HlE- (anthropogenic
VOCs)} 5ot sfjFol| A HiE E= AHe1 2] vjEed
(biogenic VOCs) 5 Th¥et Bl&¢S Fall HAect
(Lee et al., 2024). VOCs= Q1A le& A] A A ZoliE
do7AY 257 A s, WA, 1,3-FEH
d 52 FAEHZ deA ot (Jindamanee et al.,
2025; Zhou et al., 2023). TS FLofl= 7] & AAAE
SH= (nitrogen oxides, NOx)¥} HH-8-5F0] 22 (ozone,
0;) ¥ F3}etA R T (photochemical smog)E 435t
£ Als dHAHA ti7|ed B 7]t S
A - S a5t BA2 W HI QT (Lee et al., 2022;
Shao et al., 2020).
7| FAU A5 (71 5ol A= Tretafolal A|A|
ol th7]18 7S S5l 201987 2020 M| AH
A 2zt 9 e of] et SER (A ) 7 T
Ao gi7|e e Bt SR (71 E Y
)2 AEsHAA, s el whet 51 ©hel o] mlA|
w2 A7 9 g71EAAE Sl AlgS S-Hote]
21619 71 QITH(MCEE, 2020, 2019a). THe] thArEd
ZU|MHA] (particulate matter less than 2.5 pm,
PM, )8t T|MHZ] (particulate matter less than 10 pm,
PM,0) 5 E3SH NOx, SIS (sulfur oxides, SOx),
5 57 &=o|th(MCEE, 2024). 12} AE<l
2020'378 2024'3714] o]3F 7} At o] 2.
=42 71E AE diH] 100% o1Fe] FEAE Uehd
HHH, VOCs= S ngd 2] o] o4 &3lEo] o]
of tieh AtAtd dEa F41o] Bajt Zow et
WHH(CN, 2025). 12} Al =lof| A vOCsell tigt A4 At
PorrE T Al 27] H2e} 7He5A
9 AR, AR HiE S8 71E ek 2 ARAt
Z7192}, % A47A H B71A ARA|, Ea
VOCs ?Fg Algt & +A=g A 774 7571 2
s/du] A7) 5o A F7SFATH(MCEE, 2019b).

(volatile organic compounds,

Mo 4w

0% S U AR T 557 S5 A%
L APRE £ Ao Qg on, o7 sy
of ufet o] ) mE F g4k oRHo R 472

SIS 5 THCNI, 2025).

THa 7571 IeAdnle FaioA f79 =48
A A T A TSk /#5715 24 - 2ok
Bl E AAJste] HtHIEE= VOCs AE 52 C
= A= lom, AX] 912]of wtet Stage I (A7FAIA)
T} Stage I (A1) 2 FEHTH(Sa et al., 2013).
71 AAE AR Al 1571 S57t AAsH o]
Folz=A Aot =4 2§57 S5l o
S A2 HARE Mgk, o] S A Y] A & -
£ floll o 991= A71HARE AEskal QTH(MCEE,
2018). =7HAAZ G BAIE of| W7tet= <=7} o

Ho
=

Z1ed=d iEF AT e v of| =
571 2lAdnZh A s o] Sl FRraoll A WiEEE

0l

VOCs =2 49| 9 w7571 34
A {9 vOCs HIEAIFTE ARESte] A=W, of
714 5571 3Rzt dAE o] B¢ Blre
2 9092 U A8k UTH(NAIR, 2025). T35
oA {571 BlAdnl o] an Z4 At F ek
2 (total hydrocarbon, THC)S} HlI Ao gt A7+ &
-2 717} 82.1%2} 93.3% 2 WEFHTHKECO, 2020a).
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Fig. 1. Location of the surveyed gas station (left) and the view of measurement (right).
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Table 1. Comparison of specifications of measurement device used in this study.

Air Pro

TVA 2020
Manufacturer (Nation) Thermo (U.S.A)
Detection method FID
Measurement period
Parameters THC

Measurement range (resolution)

Up to 10 hours for continuous measurement

1.0~10,000 ppm (£ 1.0 ppm)

Kunak (Spain)

PID

Available for continuous measurement
PM, 5, PM,o, CO,, NO, 05, VOCs, NH;, etc.
(Varies by sensor configuration)
0~3,000 ppb (+ 1.0 ppb, for VOCs)

Detection limit 0.5 ppm 1.0 ppb

Sampling interval 2~30sec 10~12 sec

Flow rate 1 Ipm (pump) Passive

Power supply Battery (Up to 10 hours) Solar panel (Self-powered)

Operating temperature -10to 45°C -40 to 60°C

Weight 4.3kg 3.5kg

22 BAo| o]#l& VOCs tj4l THCE A= 11 Air Pro®] VOCs A5 A s o] F&FA Hlw K}
2 = TVA 20209] THC 5= #3te}o] A|7H #% 519l

=4
o, tiF2e] HiEAd] gt viEs-871E “W
C= 7= o] 3t} o]of] & Aol A= VOCse]
LZEA mtoke 95 TVA 2020 (Thermo, U.S.A)2]
FH) S AF2SITE TVA 20202 EZo|235t HZ7
(Flame ionization detector; FID) B2 Al-gsto] &
EHSl4 (THC) S 7ottt gt Tho]AllA] w4 o]
Kunak Air Pro (Kunak, Spain)E 285t vOCso]
g HStEAS o] AESISIh oM = 71E &
HAR 277 o] 27k 9, geo] ojn
cHA o] 011]\3- Atjd o2 #AHet 7pAo =2 ot
2 95 4~ QIth= AF o7 2 F7t
HUHP %Oﬂ o S8 It (Hwang et al,,
2023a; Noh et al., 2021). 5 gH] o]l thgh A Atk
I 10 UrERich
S A= E FHE 9l o= 22 QA/QC &3}

=
_>L
ml?l
mO

= $P51ATh TVA 20202 @ 4 A A ZAF E3L
Axte] w2t G4 (zero) P W (span) LS A5
qom, A7 F wid 54 A I 1S 3ot
%Atk Kunak Air Prot= 3-¢17]¢] o3t 54 17go]
o]Fo]27] gr& 1to|E A7 &, A ek o] Fer o
FA7E . o] 5 Hebsh7] 918l TVA 20207 5

i 3

717191 el 437151el 54 57

cq = A o] A7HE = HE A
Z

Aursos A Uebgeh B A6l Kunak

2 Bz 2 H2 85It

2.4 Xtz 24
FAE HolHE Hg o= =4
9 VOCs 5 E4S EAst Nﬂ'. Kunak Air Pro= %
2 33 BAIZ 128 4278 sAAe] Folel s}
gElo], fa vlolel7t SRE 129 195 E 39717
o] 2kmE FAol| 8ot om, TVA 2020 A== 5
R LRt
A e E254E 85k flsll 2 Aelxes 71A
5 (baseline) tHH] T3 (peak) 5 =& EASIT]
kg 0] 712 <2 o]'F F|%4k TH (moving mini-
mum filter)@} 7F-A1QF B2} (Gaussian smoothing)
71 &-8sto] gofstalon, 54 AAG (thresh-
old)& k= Wk A4S A, O]E %

Zr = E—r 37] 120T(1—Er 7—:‘.

S 2]199] THC

120£Cﬂ5§— 2835 th:} mﬂro]ﬂ o]

oF 959 A FF7 7|Eo =2 /}__j;(ég]_c}ag
o, AAIZE 21 I 24 HUigk 2AL Ao wiEs
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3. a1 21
3.1 FrA /37| als-4d| 22| g

7} AR ANE FHAE = ITh(MCEE, 2020).
2021 A7t i 2,000 m? o] FHAE A
Sz A7t oJFekE A, 20237 } | A wofEr
1,000 m® 04| F/-A471A] 2 - -85 it} 20244
o= thF-E9] tid AFdell T A A2t e
S| ATHKECO, 2020a).
Stage 19] 7% 273 Aol dofl 218 25k
= AL R Saste oA viEEE £
7lE SlpHBE Sl *NALF o R 346}, Stage
I+ FFAEA —ﬁAH A 5 A A A=
Ba=Rg vEd §5718 FR71 72 2
A& ol 74%’*/\]**& 3|45t It (Kim, 2014).
2025\ 129 7|& A=] 757 BAld AR
A F 6,63571401H (& 2), A9ER= A7|%7t
1,9367142 7P gho] A& o] glom, 11 HE oo

615

i 61374, AAEE 487714, AR T 4787)
5.0 2 YERITHKECO, 2025).

2019A7HA] A AFYG €]
7] 3pdu] =9l mhE A EJJE E]__LO]' E}

(KECO, 2020a). 571 2l4H] %

| 2437]|1 4014 2019 3,868742 127 °¢ 15.94)

bt o, Hf HofFe 612,000% 2E ol A

6,881,4407 B2 °F 11.28] Z7[5lct 1247 ¥

Table 2. Status of gasoline vapor recovery system installa-
tion by region (KECO, 2025).

Region No. R(i/?)o Region No. R(iz)o
Gyeonggi 1,936 29.2 Incheon 303 4.6
Chungnam 613 9.2 Jeonnam 299 45
Gyeongnam 487 7.3 Jeonbuk 281 4.2
Gyeongbuk 478 7.2 Gwangju 224 34
Seoul 436 6.6 Daejeon 212 3.2
Chungbuk 392 5.9 Ulsan 207 3.1
Busan 383 58 Sejong 55 0.8
Daegu 329 5.0 Total 6,635 100.0

Table 3. Annual performance of vapor recovery and economic benefits (KECO, 2020a).

No. of Oil sales VOCs emissions VOCs recovery Economic benefit
gas station (1,000L) (tons) (tons) (Million KRW)
2008 243 612,000 679 611 1,402
2009 977 1,964,000 2,180 1,962 4,256
2010 1,996 3,647,000 4,048 3,643 8,444
2011 2,631 4,563,000 5,065 4,558 11,917
2012 2,855 4,989,000 5,538 4,984 13,411
2013 2,992 5,179,000 5,749 5,174 13,492
2014 3,037 5,156,826 5,724 5,152 12,755
2015 3,068 5,132,764 5,697 5,128 10,494
2016 3,114 5,323,931 5,863 5,277 10,029
2017 3,156 5,316,433 5,901 5311 10,732
2018 3,229 5,367,890 5,958 5,363 11,491
2019 3,868 6,881,440 7,638 6,875 13,716
Total 54,133,284 60,040 54,038 122,139

J. Korean Soc. Atmos. Environ., Vol. 42, No. 3, September 2026, pp.611-624
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Table 4. Comparison of VOC emissions before and after the installation of vapor recovery systems (unit: %) (KECO, 2020a).

THC Benzene Toluene Ethylbenzene Xylene
Fuel dispenser 82.1 93.3 92.2 87.0 94.4
Roadside 53.0 59.5 61.6 49.6 59.6
Office 384 50.0 20.7 23.1

Cs HH%B‘F 60,040% =, °F 54,038E0]
e Aoz *JXJEJ (90% B4 A8, ol&
SF AAI Hele 122,139‘1‘“& o7 ALY

571 3a-du] Ao wE A Bat 74
3 201295 201797HA] 9] AAmE HESIIAL
2] AT 771, T2H, AFRACA THC 9 ¥4l
4, o= wA, X}O‘fﬂbﬂ st A7 avs BA5t
th(& 4). THCY] 7% F71°oA= 82.1%, ==/
A 53.0%9] A aE B WAL F57
93.3%, =2 M 59.5%, AFFA 38.4% =2 UENRDL, 5
Al AR 871 92.2%, E2H 61.6%, AHEA 50.0%2
HA Y AR A B3 Bch 571 FRolA
o] A A8L 82.1~94.4% =, =7} HETF AHY A
14_9_5]1— Q/\A—hﬂ] zﬂo] 90%9], Eﬂxﬂi _'_01.3
To] UErgTh

o

i do

ol
¥

=
SlE Lt Folup FHeEaR 3]
FA 7 IS ek A (Stage 1)2] B9 557
7} gHtEo] o= A9 7t o 7 HhASH, ZA] &

e 2 Slpsto] 7h7] izl kEel tit 99
2 wlH|gt Holth(Kim ef al., 2013). SFA|IF F7-A]4
(Stage 1) SHF & FfrAFge] ol-gofl uh2t Hidst
A st el k& 7t S8t ol £5
7] 3l5-du)= AR A AAHARE Jegste] ofE
A A A, S SRttt o] % a2 ¢ 1
, A9} =L oo 13] AAE AP E
tal alE}(KEco 2020b) 3)58L 714 59 o|dH
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Fig. 2. Time-series variations of meteorological parameters during the observation period.

A wasto] Wt 71 of
-2.6°CE Uetitth Aig s T5717 53t oF 40~
60%= FAE AT B 52 2.1~34 m/sE et
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o

T A 771442 ol B Aol =7} 5
7¥ohe %S Uehich(a™ 3). 18 39] 25 y =2
THC 5% (ppm), 92 y%-2 VOCs 5% (ppb) & L+t
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ppm7H7] WolAn] HA2E 712k 1641744
THC+= 1~2 ppm W&], VOCsE= 40~60 ppb H o4

ol o4 %ﬂioﬂ WA e S s M A 228 folelaeh 1547 THCS)
104 o}% FAH o2 7asls e wREd, o]  EEHAT} 19ppmOT ANHow Assle B
£ U7 Bgtae) Aol W st walel Al ot o] PEIQET, ol s A7k 6 A f
o AAEE 0 @20 Aol Bepon AR o] AAA ZTle} sl 2 5 oMIEA WiE e 7
27 oo ot Ao B 164] o] 53 T

=== Left: THC (ppm) == Right: VOCs (ppb) . 550 E49 sk F40H Fsohe FdE U

17A]9] THC 5= 4.5+23ppm O 2 4 sk
Ho}h =7 vepst o, 18A|91= 4.9+ 1.9ppm o= A
| FT7F et VOCs HA] 184100 169.3+
2275 ppbE FZ5H Q4 H L7} Uehydth 5]
1847 T VOCs9] =& HFHA}(£227.5 ppb)
+ B AR 2R S fridol e 757 1 Hj &
7kt @A 712 shdoll whe A& A%
sl e @E4do] A3 Qo AAIE
= Ytk AvpHog Fia FHO
B4 v AT STt E2 Bl AR 714

2917} gHEe 1Y B2 eE 5SS B
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Time of Day

Fig. 3. Time-series variations of THC (blue) and VOCs (red)
concentrations during the observation period.

(a) 2025-12-01 (b) 2025-12-02 (c) 2025-12-03

35 16 v 60
v
30 14 50
v
25 12 - - v
vl v 17 v | 24
- =10 s
E2 &4 EVY - vl E
= v e v v v S
Qs g Hh v vY ] v
= F 6 SN T F 20
10 VVV VY 4 TT ey L9 P gt - T v i
~. vV v TRV v
Pl i a1 A
2 o=
] | 0
09 1" 13 15 17 09 1 13 15 17 09 1" 13 15 17
Time of Day (Hour) Time of Day (Hour) Time of Day (Hour)
(d) 2025-12-04 (e) 2025-12-05
30 — 30
25 25
vV v v v
20 v 20 h 4 Legend
E_ g_ v - ——Baseline
2] 245 - - -95% Cl (20) Threshold
v .
g v vY vy . g v V Vapor Spikes
10 v v 10 \Vv v (a) 12/01 Baseline: 0.35 ppm Spikes: 15 Max: 34.70 ppm
%, W hind ine: 1. ikes: : 14,
L _V?Y_‘Vqu L_LJ- o= o G R - (b) 12/02 Basel_me 1.36 ppm Sp_lkes 24 Max: 14.60 ppm
5 H = 5 (c) 12/03 Baseline: 1.72 ppm Spikes: 12 Max: 53.99 ppm
(d) 12/04 Baseline: 1.14 ppm Spikes: 24 Max: 28.24 ppm
0 (e) 12/05 Baseline: 0.78 ppm Spikes: 15 Max: 29.64 ppm

15
Time of Day (Hour)

17

1

13 15
Time of Day (Hour)

17

Fig. 4. Baseline and peak identification of THC concentrations using a moving minimum filter and Gaussian smoothing.
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Table 5. Estimated THC concentrations derived from ben-
zene exposure levels by country.

Region Countr Benzene Estimated
K y (ppb)  THC(ppm)
Iran 319.8 320
Thailand 59.2 5.9
. India 326 33
Asia .
Republic of Korea 345 35
China 14.7 1.5
Vietnam 75.2 75
Saudi Arabi 10,702.2 1,070.2
Middle East aucl Arabla
Egypt 3,695.9 369.6
Greece 339.8 340
Europe Italy 56.3 5.6
P Serbia 129 13
Spain 345 35
South America Brazil 147.8 14.8
North America Mexico 6.6 0.7
This study 25+1.2

Ak 27pEE 1Y Apdokehlolrt 107 ppm
2 7P} 2o 2202 Vet o[UE 37 ppm,
2 0.34 ppm, |2t 0.32 ppm, = 0.03 ppm O 2
SHIE AT A Aol A #Ae THCS] 0.5~1.5%
ARsh= Ao g HAlsllom, o5 7|ito s 2
A7olM 4 THCS} Bl lsf ehitd =&
H 5] YEFATH(Saarinen et al., 2000; Vainiotalo ef al.,
1999). il oEA] AdeY Aol A AIAIRE Hl& (0.5~
1.5%) 9] S7HEQl 1.0%2F A2 271 (25°C, 1719 2
& 7Hdste] A sk,

o Jy

<

3.4 R37| 2l-4H| &2 22315 {15t M

T2 5571 752 W] Slol AAE /7571
3|41 JERE vOCs A7 Ao g A& 0
2 FRE0] gkon, 3] 2020 A H di7| A
ool et Ao & S]] et =2 VOCs A%
T HEo] AAA olelg F= Ao HuEY gk
SRR 73 A H @7 S At A ol gt
A2}t WIASHA] Aol S2AF 9 o]-8tof| tigh
VEE e E, WS AP TP llA A 4 o] Y

620 EE, ofal, S, ALY, dS3, =%, 23S, 4EE, A4S

% 9l A0 ekt ofo] & A7 AVE 7|
who 2 thew} 2 A ek gkt
3.4.1 ZQA0] that Steigry mal &k

=E 22

Fha @RI 437 852ul0] dhat w2
2 ghe ofelgo] mheth ool £ ATelA: Tk
o4 slpAulo] e A rEks 6 A atEow
wEE S PHES B QY 2B Ao
oh @4 24 A3 THC 71 7949 s EE

o

Joy &
ro N
12l
o
Hl
H,
i

A H4 123]0 4] 243]744] SRIE QI 1T A]
FEE 7.1~18.1 ppm 2 UER o™, ] 54.0
ppmZHA] 2| xof W7 s TiH] oF 374l A Lreb
o} ol A5 B 2R} ol g 70| WA of
v A 17 e E e f57100 sk = A wt
BH02 LEET Y-S oJulaicy Aluz Hopo
AL e g 2 TWaS thio] 153 Tl
THA|ZHe & 7] (short term exposure limit, STEL) &= &
Q A EZ H#SHT Ut (Ashford and Caldart, 2025).
F42 919 Aol AT EA4E A of 5B
A 2%t & o, WEe 539 gk sHE Al
7] keZ 7hs o] SIESIT: ol Rt oA

S 59 7| do] i DR B 48 A
gol 2deh o WolA s w2 oigh
St Alolg gigt 7147 dae g wsro] ot
g 37t Aok 7sA o rme FR7] ARl =4
HIZ1F 2 S AR stAY AARY = gA 9 AHE A

AE Edshe ke AR 5 9o, Al os

Mo 4N r

r

o o

3.4.2 HHEZ AVE Al 5 U AJA o slof chst T
CAPSSE F7h A4 270 wat BAlo] o




794 937 s4MHlo] 2% Me| 24 U 2| 588 Wt 621

et al., 2023b). @A FFiof
A% A Azt
(NAIR, 2025).
90%°1 -FAFRt B8 (82.1

= A8 7}°ﬂ ot ket €

3w}

ol A AAIRE Bt FA oA
~94.4%)& R3]t SHARE ]

Skgo] oJst Ayt=2 UHlel
85 20| Yog FAIS]: of
£>94 L33} 2 58 AshE wot

L Ao M= 2ot il 9
4 58e Ash)
O:‘1:]'(L1u et al., 2000). 2012
047‘]'—4 18.5%7}F F-219t
] ot B sy
Hlo] e gl
1jr(Llang et al., 2024; Kim
sl oz _TV_E% 0].

x r°"

7144 23 did A

Q1

oL

4o |-'_>'~_‘

)
4 F

o

1
>

=

2 oo
\~>4

r

k4

o, 2

&

ko
B
=
X
N

e

ol N o

Job
i

woo Lol o
ry

=

RO N
o

1>
Mg
i)
g

L2 o 2 N

jus)

o 10 g U gl
==
i
2
4>
2

o2 o e ek ok o e _c; -1>
o

of

#7357| &l2H|2 ZHld BUE 4
Stage 22| Mgt
Aze] 457 slsA
Aot BpeaE S50
sto] sreelA = Bala O‘E} éP
=, 12 5] 45
(Depressurization)o}o] ZjAHE-F
1)< AlAskL
2026). 712+ A
2o S3e o7 4 erte
S oA A Fee HehEo] AjaRgo] 7 o;
SolAE 71E9] Stage I, 119
x]ﬂ*] o]rjr o]-x] () A}Q_q

o1 % A

o o
o\

il

of o

—_—

N

rLl
110 o{N

%W(Ecomagic 2026; H

(EMglobal, 2021).
A Stage 1= 2] Hgho] 5
o Akl B oot HAlk

e7} Aol 4 gln ,wm ol ks

N
Y

—

& AFolde =S e 7571 QJ’WHH &
& A} o] AHE AL, AA] T4 @
A19] THC ¥ VOCs e Z2E54S £4 }oq 5 7]
G} et Agksiltt. =W #3571 Sl
7| geld ey AJe o] AxA o8 Sf A2 w ¢
omn, 7]& A AxtelA THC ¥ BTEX B4 o5
OF 82~949 Z2Z0] A7} 8-S LER= A 0 2 Flol

oIk EG £57] 54H9] St 292 VOCs
WiEeF At AR Wo] Zulolq FHHS
£ Holi Zlo= ekt

o]

N P SR
sloAulo] o] AAL H5E FHOE 2
glovk, AA] AAeIAE s W) A, Au] =33,
1 27 5ol wel 84 mgo] Gebd 4 gk E
g 27} ilzar A B 814 3%—;— SEETS
2 90% gk WAL AR WS
oA £ FsAe] et

J[m
mlo
o
Kl
ﬂ
r

et Gk 557] S5AH e g
S 858 BIHE dol AR =2EAS D el
AAZ gD Bt ik, ol Slal @ 7 =F
Bk S, A1 5] nhe sl ag WA 4

A2 el AL Y] Wk E v, 191 3]
4 5%719] Ag-go] 7153t Stage I 714 =9 AE
Sol Bad Zor wothn: 2 A7 9 Fia
£ ddo= $E k= AL glom, Al vl
7haot 157] 9 gds] BelskA] Fokglth o

J. Korean Soc. Atmos. Environ., Vol. 42, No. 3, September 2026, pp.611-624



622

Olor
4
]
°
o
e

e 2

2=t FHEE Yo r AT A
HiHA| AL vOCs HIEH (F-74) o viEe] 7]
A%} ZAFH(25DE0014)79] dgto 2 pafE|glom, o
of| ZAAt=" Ut

B

=

References

Ashford, N.A., Caldart, C.C. (2025) Environmental Protection
Laws, 37-50, International Encyclopedia of Public
Health 3rd Edition.

Choi, S., Lee, D,, Choi, Y., Choi, K., Shin, E., Kim, H., Cha, M., Song,
H., Yoo, C. (2025) Analysis of national air pollutant
emissions in 2020 and re-estimation results for emis-
sions from past years (2016-2019), Asian Journal of
Atmospheric Environment, 19(4). https://doi.org/10.
1007/544273-025-00051-6

Chungcheongnam-do (CN) (2025) The ond Chungcheongnam-
do Air Quality Management Implementation plan.

ChungNam Institute (CNI) (2025) A Survey on the Basic Status of
Emission Management for Volatile Organic Com-
pounds (VOCs) from Gas Stations. https://www.cni.
re.kr/main/contents/report/view.do?docld=1025DEQ
014&no0=23&kind=18&projectType=78&sort=DATE%2F
DESC&period=1 (accessed on Apr. 19, 2026).

Ecomagic (2026) Vapor recovery methods must change. https://
www.ecomagic.co.kr/page/technologies.php (acces-
sed on Apr. 19, 2026).

EMglobal (2021) Stage-3 VRU for Retail Fuel Station Networks.
https://emglobal.biz/?redirect=no (accessed on Apr.
19, 2026).

Fiedler, N., Mohr, S.N., Kelly-McNeil, K., Kipen, H.M. (1994) Re-
sponse of Sensitive Groups to MTBE, Inhalation Toxi-
cology, 6, 539-552. https://doi.org/10.3109/0895837
9409003039

Hakkola, M.A,, Saarinen, L.H. (2000) Customer Exposure to Gaso-
line Vapors During Refueling at Service Stations,
Applied Occupational and Environmental Hygiene,
15(9), 677-680. https://doi.org/10.1080/10473220050
110086

Hongyang (2026) Gasoline Vapor Recovery by Condensation and
adsorption. https://www.chinahongyang.com/vapor-
recovery-system/stage-iii-for-filling-station/ (accessed
on Apr. 19, 2026).

Hwang, K., Park, S., Lee, G., Kim, J.B. (2023a) Indoor Air Quality
Analysis in Naepo New Town using loT Sensor, Jour-
nal of Korean Society for Atmospheric Environment,
39(1), 24-41, (in Korean with English abstract). https://
doi.org/10.5572/KOSAE.2023.39.1.24

Hwang, K., Park, S., Lee, G, Noh, S., Kim, J,, Lee, J.Y,, Park, J.-S., Kim,
J.B.(2023b) Policy Recommendation for Region Air
Quality Management and Change of Air Pollutants
Emission in ChungNam base on Modified CAPSS,
Journal of Korean Society for Atmospheric Environ-
ment, 39(4), 492-524, (in Korean with English abs-
tract). https://doi.org/10.5572/KOSAE.2023.39.4.492

Jang, T.H., Kim, T.-O,, Song, K.-B., Kim, H.-S., Jeong, J.-Y,, Chung,
S.-H.(2015) Reduction of Malodor and VOCs Emission
through Vapor Recovery System in Gas Station, Jour-
nal of Odor and Indoor Environment, 14(4), 263-269,
(in Korean with English abstract). https://doi.org/10.
15250/joie.2015.14.4.263

Jindamanee, K., Keawboonchu, J., Pinthong, N., Meeyai, A, In-
chai, P, Thepanondh, S. (2025) Environmental impacts
and emission profiles of volatile organic compounds
from petroleum refineries, Scientific Reports, 15,
15509. https://doi.org/10.1038/541598-025-99932-7

Kim, CH., Kim, J., Noh, S., Lee, S., Yoon, S.H., Lee, S.S., Park, J.-S.,
Kim, J.B. (2021) A Study on Temporal-Spatial Charac-
teristics of Volatile Organic Compounds Distributed
near Petrochemical Industrial Complex using PTR-
ToF-MS, Journal of Korean Society for Atmospheric
Environment, 37(5), 812-828, (in Korean with English
abstract). https://doi.org/10.5572/KOSAE.2021.37.5.
812

Kim, J.H.(2014) A Study on the Effective Management Strategies
for Reducing Volatile Organic Compounds (VOCs)
Emissions in Gas Station. Ph.D. Dissertation, Kwang-
woon University, Seoul, Korea, (in Korean with English
abstract). https://www.riss.kr/search/detail/Detail

=7 Ists|x| M 42 E M3 S


https://doi.org/10.1007/s44273-025-00051-6
https://doi.org/10.1007/s44273-025-00051-6
https://www.cni.re.kr/main/contents/report/view.do?docId=1025DE0014&no=23&kind=1&projectType=7&sort=
https://www.cni.re.kr/main/contents/report/view.do?docId=1025DE0014&no=23&kind=1&projectType=7&sort=
https://www.cni.re.kr/main/contents/report/view.do?docId=1025DE0014&no=23&kind=1&projectType=7&sort=
https://www.cni.re.kr/main/contents/report/view.do?docId=1025DE0014&no=23&kind=1&projectType=7&sort=
https://www.ecomagic.co.kr/page/technologies.php
https://www.ecomagic.co.kr/page/technologies.php
https://emglobal.biz/?redirect=no
https://doi.org/10.3109/08958379409003039
https://doi.org/10.3109/08958379409003039
https://doi.org/10.1080/10473220050110086
https://doi.org/10.1080/10473220050110086
https://www.chinahongyang.com/vapor-recovery-system/stage-iii-for-filling-station/
https://www.chinahongyang.com/vapor-recovery-system/stage-iii-for-filling-station/
https://doi.org/10.5572/KOSAE.2023.39.1.24
https://doi.org/10.5572/KOSAE.2023.39.1.24
https://doi.org/10.5572/KOSAE.2023.39.4.492
https://doi.org/10.15250/joie.2015.14.4.263
https://doi.org/10.15250/joie.2015.14.4.263
https://doi.org/10.1038/s41598-025-99932-7
https://doi.org/10.5572/KOSAE.2021.37.5.812
https://doi.org/10.5572/KOSAE.2021.37.5.812
https://www.riss.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=b2a9b8916a8ca

View.do?p_mat_type=be54d9b8bc7cdb09&control_
no=b2a9b8916a8ca363ffeObdc3ef48d419&outLink=K
(accessed on Apr. 19, 2026).

Kim, J.H., Sohn, Y-L.,, Kim, H.-S., Jang, T-H., Yoo, K.S.(2013) A Study
on Present Conditions and Improvement Alternatives
of Vapor Recovery Unit of Stage Il at Gas Stations,
Journal of Environmental Policy and Administration,
6, 115-140, (in Korean with English abstract). https://
doi.org/10.15301/jepa.2013.06.21.2.115

Korea Environment Corporation (KECO) (2020a) Technical Manual
for the Installation of Stage Il Vapor Recovery Systems.
https://www.mcee.go.kr/m/mob/policy_data/read.
do;jsessionid=EvVVFRmrlglgpB-pgbJ-1KDvj4bPc4B3x
pOtMsXH.mehome1?menuld=36&condition.code=
A30102&seq=7536 (accessed on Apr. 19, 2026).

Korea Environment Corporation (KECO) (2020b) Operation and
Maintenance (O&M) Guideline for Vapor Recovery
Units. https://www.keco.or.kr/web/lay1/bbs/S1T197C
1136/A/101/view.do?article_seq=25110 (accessed on
Apr. 19, 2026).

Korea Environment Corporation (KECO) (2025) Current Status of
Vapor Recovery System (VRS) Installation in Gas Sta-
tions by Region. https://www.data.go.kr/data/15148
322/fileData.do (accessed on Apr. 19, 2026).

Lee, D., Kim, D., Lee, D., Song, M.Y., Kim, J.B., Choi, W., Hong,
C.S., Kim, K. (2022) A Study on Distribution of Volatile
Organic Compounds Concentration over Paju National
Publishing Complex, Journal of Korean Society for
Atmospheric Environment, 38(4) 599-609, (in Korean
with English abstract). https://doi.org/10.5572/KOSAE.
2022.38.4.599

Lee, H., Won, J.-U,, Kim, C.-N., Roh, J. (2015) Occupational Expo-
sure Aspects of Gasoline Vapor According to the Use
of a Gasoline Vapor Recovery System, Journal of Kor-
ean Society of Occupational and Environmental
Hygiene, 25(2), 156-165, (in Korean with English abs-
tract). https://doi.org/10.15269/JKSOEH.2015.25.2.15

Lee, J, Lee, M., Chang, L., Shin, S.-A., Kim, K., Choi, Y., Lim, H., Choi,
S.-D., Lee, G. (2024) Assessment of VOCs emission
inventory in Seoul through spatiotemporal observa-
tions using passive and online PAMS measurements,
Atmospheric Environment, 338(1), 120857. https://
doi.org/10.1016/j.atmosenv.2024.120857

Liang, J,, Sun, L., Cheng, C, Wang, K., Zhu, T,, Li, T. (2024) Advanc-
ing gasoline vapor recovery in oil depots: Integrating
cooling and adsorption technologies, Energy, 313(30),
133823. https://doi.org/10.1016/j.energy.2024.133823

Liu, Y., Ritter, J.A., Kaul, B.K. (2000) Simulation of gasoline vapor
recovery by pressure swing adsorption, Separation

Ho
(0]

623

lon

and Purification Technology, 20(1), 111-127. https://
doi.org/10.1016/51383-5866(00)00066-6

Ministry of Climate, Energy and Environment (MCEE) (2018) Reg-
ulations on the Inspection Methods for Vapor Recov-
ery Systems at Gas Stations. https://law.go.kr/admRul
LsinfoP.do?admRulSeq=2100000136129 (accessed on
Apr.19,2026).

Ministry of Climate, Energy and Environment (MCEE) (2019a)
Special Act on The Reduction and Management for
Fine Dust. https://www.law.go.kr/DRF/lawService.
do?0C=dI_lawinfosearch&target=law&WST=283033
&type=HTML&mobileYn=&efYd=20260127 (accessed
on Apr. 19, 2026)

Ministry of Climate, Energy and Environment (MCEE) (2019b) 1st
Comprehensive Plan for Fine Dust Management.
https://air.go.kr/synap/data/air/article/2025/4/675.
view.xhtml? (accessed on Apr. 19, 2026).

Ministry of Climate, Energy and Environment (MCEE) (2020) Spe-
cial Act on The Improvement of Air Quality in Air Con-
trol Zones. https://www.law.go.kr/DRF/lawService.do?
OC=dI_lawinfosearch&target=law&MST=276713&
type=HTML&mobileYn=&efYd=20251001 (accessed
on Apr. 19, 2026).

Ministry of Climate, Energy and Environment (MCEE) (2024) 2nd
Comprehensive Plan for Fine Dust Management.
https://me.go.kr/m/mob/policy_data/read.do;jsessio
nid=UtNerbajNEd1_PgG2joNy5Pmu8R8XgitqsS5TV6
H.mehome1?menuld=35&condition.code=A3&seq=
8369 (accessed on Apr. 19, 2026).

Muto, E.Y., Figueiredo, E.D.S,, Silva, H.D.P.D,, Trivelato, G.D.C. (2025)
Benzene Exposure in Gas Stations across the World: A
Systematic Review, ACS Chemical Health & Safety, 32,
534-547. https://doi.org/10.1021/acs.chas.5c00041

National Air Emission Inventory and Research Center (NAIR)
(2025) National Air Pollutant Emission Inventory Cal-
culation Methods Manual (VII). https://www.air.go.kr/
article/view.do?boardld=8&articleld=491&boardld=8
&menuld=49&currentPageNo=1 (accessed on Apr. 19,
2026).

Noh, S., Yoon, S.H, Hwang, E.Y,, Lee, S.Y,, Lee, S.S., Kim, J.B.(2021)
Proposal for improvement and management status
of indoor air quality in School, Journal of Odor and
Indoor Environment, 20(2), 166-177, (in Korean with
English abstract). https://doi.org/10.15250/joie.2021.
20.2.166

Park, S., Kim, J., Lee, G,, Noh, S, Chea, J.S., Kim, M.Y,, Jeon, J-M,,
Lee, S.S., Kim, J.B.(2022) Characteristics of Spatial Dis-
tribution VOCs around Petrochemical Complex Using
Passive Sampler, Journal of Korean Society for Atmo-

J. Korean Soc. Atmos. Environ., Vol. 42, No. 3, September 2026, pp.611-624


https://www.riss.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=b2a9b8916a8ca
https://www.riss.kr/search/detail/DetailView.do?p_mat_type=be54d9b8bc7cdb09&control_no=b2a9b8916a8ca
https://doi.org/10.15301/jepa.2013.06.21.2.115
https://doi.org/10.15301/jepa.2013.06.21.2.115
https://www.mcee.go.kr/m/mob/policy_data/read.do;jsessionid=EvVVFRmrlgIgpB-pqbJ-1KDvj4bPc4B3xpOtMsXH
https://www.mcee.go.kr/m/mob/policy_data/read.do;jsessionid=EvVVFRmrlgIgpB-pqbJ-1KDvj4bPc4B3xpOtMsXH
https://www.mcee.go.kr/m/mob/policy_data/read.do;jsessionid=EvVVFRmrlgIgpB-pqbJ-1KDvj4bPc4B3xpOtMsXH
https://www.mcee.go.kr/m/mob/policy_data/read.do;jsessionid=EvVVFRmrlgIgpB-pqbJ-1KDvj4bPc4B3xpOtMsXH
https://www.keco.or.kr/web/lay1/bbs/S1T197C1136/A/101/view.do?article_seq=25110
https://www.keco.or.kr/web/lay1/bbs/S1T197C1136/A/101/view.do?article_seq=25110
https://www.data.go.kr/data/15148322/fileData.do
https://www.data.go.kr/data/15148322/fileData.do
https://doi.org/10.5572/KOSAE.2022.38.4.599
https://doi.org/10.5572/KOSAE.2022.38.4.599
https://doi.org/10.15269/JKSOEH.2015.25.2.15
https://doi.org/10.1016/j.atmosenv.2024.120857
https://doi.org/10.1016/j.atmosenv.2024.120857
https://doi.org/10.1016/j.energy.2024.133823
https://doi.org/10.1016/S1383-5866(00)00066-6
https://doi.org/10.1016/S1383-5866(00)00066-6
https://law.go.kr/admRulLsInfoP.do?admRulSeq=2100000136129
https://law.go.kr/admRulLsInfoP.do?admRulSeq=2100000136129
https://www.law.go.kr/DRF/lawService.do?OC=dl_lawinfosearch&target=law&MST=283033&type=HTML&mobileYn
https://www.law.go.kr/DRF/lawService.do?OC=dl_lawinfosearch&target=law&MST=283033&type=HTML&mobileYn
https://www.law.go.kr/DRF/lawService.do?OC=dl_lawinfosearch&target=law&MST=283033&type=HTML&mobileYn
https://air.go.kr/synap/data/air/article/2025/4/675.view.xhtml?
https://air.go.kr/synap/data/air/article/2025/4/675.view.xhtml?
https://www.law.go.kr/DRF/lawService.do?OC=dl_lawinfosearch&target=law&MST=276713&type=HTML&mobileYn
https://www.law.go.kr/DRF/lawService.do?OC=dl_lawinfosearch&target=law&MST=276713&type=HTML&mobileYn
https://www.law.go.kr/DRF/lawService.do?OC=dl_lawinfosearch&target=law&MST=276713&type=HTML&mobileYn
https://me.go.kr/m/mob/policy_data/read.do;jsessionid=UtNerbajNEd1_PgG2joNy5Pmu8R8XgitqsS5TV6H.mehom
https://me.go.kr/m/mob/policy_data/read.do;jsessionid=UtNerbajNEd1_PgG2joNy5Pmu8R8XgitqsS5TV6H.mehom
https://me.go.kr/m/mob/policy_data/read.do;jsessionid=UtNerbajNEd1_PgG2joNy5Pmu8R8XgitqsS5TV6H.mehom
https://me.go.kr/m/mob/policy_data/read.do;jsessionid=UtNerbajNEd1_PgG2joNy5Pmu8R8XgitqsS5TV6H.mehom
https://doi.org/10.1021/acs.chas.5c00041
https://www.air.go.kr/article/view.do?boardId=8&articleId=491&boardId=8&menuId=49&currentPageNo=1
https://www.air.go.kr/article/view.do?boardId=8&articleId=491&boardId=8&menuId=49&currentPageNo=1
https://www.air.go.kr/article/view.do?boardId=8&articleId=491&boardId=8&menuId=49&currentPageNo=1
https://doi.org/10.15250/joie.2021.20.2.166
https://doi.org/10.15250/joie.2021.20.2.166

624 EE, ofal, S, ALY, dSE, =%, 2ES,

spheric Environment, 38(5), 764-775, (in Korean with
English abstract). https://doi.org/10.5572/KOSAE.20
22.38.5.764

Park, S.-M., Oh, B.-H., Kim, C.H., Shin, S.-H., Kim, P, Lee, K., Park, J.,
Hwang, K., Kim, J.B,, Park, Y., Kim, J. (2025) Real-Time
Observation and Comparison of Atmospheric Formal-
dehyde Using PTR-ToF-MS and Mid-infrared Spectro-
scopy Based on Optical Absorption, Journal of Envi-
ronmental Analysis, Health and Toxicology, 28(1), 37-
49, (in Korean with English abstract). https://doi.org/
10.36278/jeaht.28.1.37

Sa, J.-H., Jeon, E.-C,, Lee, J.-W.,, Kim, S.J., Han, J.-H. (2013) Removal
of VOCs from Gasoline Reservoir at Gas Station using
Cooled Condensing Unit, Journal of Korean Society
of Environmental Administration, 19(1), 45-51, (in
Korean with English abstract).

Saarinen, L., Hakkola, M., Kangas, J. (2000) Comparison of tanker
drivers’ occupational exposures before and after the
installation of a vapour recovery system, Journal of
Environmental Monitoring, 2(6), 662-665. https://doi.
org/10.1039/b005599i

Shao, P, Xu, X, Zhang, X,, Xu, J., Wang, Y., Ma, Z.(2020) Impact of
volatile organic compounds and photochemical
activities on particulate matters during a high ozone
episode at urban, suburb and regional background
stations in Beijing, Atmospheric Environment, 236(1),
117629. https://doi.org/10.1016/j.atmosenv.2020.
117629

Vainiotalo, S., Peltonen, Y., Ruonakangas, A., Pfaffli, P. (1999) Cus-
tomer exposure to MTBE, TAME, C6 alkyl methyl
ethers, and benzene during gasoline refueling, Envi-
ronmental Health Perspectives, 107(2), 133-140,
https://doi.org/10.1289/ehp.99107133

Work Safe BC (2025) Table of exposure limits for chemical and
biological substances. https://www.worksafebc.com/

en/resources/health-safety/ohsr-searchable/table-
exposure-limits-chemical-biological-substances?
lang=en (accessed on Apr. 19, 2026).

Zhou, X., Zhou, X., Wang, C., Zhou, H. (2023) Environmental and
human health impacts of volatile organic com-
pounds: A perspective review, Chemosphere, 313,
137489. https://doi.org/10.1016/j.chemosphere.2022.
137489

Authors Information &
Contributions

P (FEATE A TS AT A AT, =HEEH
SHL ) TR A AR S B g v,
kchwang@cni.re.kr) Writing - original draft, Visualization,
Methodology

olFA (FHATE AT FEB AT A AT,
yeonii530@cni.re.kr) Data curation, Formal analysis

SUNEG (AL AE7Fe 72 A1, mysong@sirekr)
Resources

Ak (@797 H 24T AFATA,
knarael0@korea.kr) Investigation

255 (st AR AS A sejstel v,
kdh7144@naver.com) Investigation

L7 (i dishy PR A8} W4 sinoh@daelim.ac.kr)
Investigation

*FL (APMAAYol® F4, younguk.yoon@apm.co.kr)
Resources

BEEICEEEs
Validation

158 (FEATA AN I A4 A7,
kjb0810@cni.re kr) Writing - review & editing,
Conceptualization

47, jeonghoflux@naver.com)



https://doi.org/10.5572/KOSAE.2022.38.5.764
https://doi.org/10.5572/KOSAE.2022.38.5.764
https://doi.org/10.36278/jeaht.28.1.37
https://doi.org/10.36278/jeaht.28.1.37
https://doi.org/10.1039/b005599i
https://doi.org/10.1039/b005599i
https://doi.org/10.1016/j.atmosenv.2020.117629
https://doi.org/10.1016/j.atmosenv.2020.117629
https://doi.org/10.1289/ehp.99107133
https://www.worksafebc.com/en/resources/health-safety/ohsr-searchable/table-exposure-limits-chemical
https://www.worksafebc.com/en/resources/health-safety/ohsr-searchable/table-exposure-limits-chemical
https://www.worksafebc.com/en/resources/health-safety/ohsr-searchable/table-exposure-limits-chemical
https://www.worksafebc.com/en/resources/health-safety/ohsr-searchable/table-exposure-limits-chemical
https://doi.org/10.1016/j.chemosphere.2022.137489
https://doi.org/10.1016/j.chemosphere.2022.137489

	주유소 유증기 회수설비의 운영 실태 분석 및 관리 효율화 방안
	Abstract
	1. 서론
	2. 연구 방법
	3. 연구 결과
	4. 결론
	References


