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Evaluation of Air Quality with and without Vapor
Recovery Systems of Stage Il
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Abstract

A field study was conducted to evaluate air quality from gas stations with and without Stage Il vapor recovery
systems that are currently used to reduce VOCs. The THC and VOCs levels were monitored for the test at three
locations (inside office, around refueling area, site boundary) from atotal of five gas stations. The results showed a
considerable reduction in THC concentration which ranged from 48.7% to 81.8% with and without the operation of
the Stage Il VRS. Acoording to our comparative analysis, BTEX and other 19 VOCs levels were a so significantly

reduced with Stage Il vapor recovery systems.

Key words: Gas station, Stage I, Vapor recovery system, THCs, BTEX
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3, FH4 Z2Ae FH AFRIE A g sk
< uA ) (Rekhadevi et al., 2010; Karakitsios et al.,
2007).

olol], 9] B ATAEL FHielM &S
© VOCsz <l w7leq 33 o S84 7k
48] 3193t} Capleton and Levy (2005)3} Carrieri et al.
(2006)-> Ff-Aell A vl &¥ & VOCsol| o3t L=}
Zo] 9JaiAde Hrlslednh. Rekhadevi et al. (2010)-<
F44 Y Rea] =43 BTX (benzene, toluene, xyl-
ene) 57} M =AY wAsERe 29 oy
¥ ol wel FRA A @ F benzene
7} el vla) 20 o4 ¥rim wwshec
01940115 Frol A BAISHE VOCs iS40l %

A= 20069 o) 7|3H R A JNAS Esle], 2008
19 14RE 7| ndEsdAx g} o 7)374 A
A1 Wl X7 Ffrdeell HA Q7 FeiEF 7
Fol wel dAA o2 Stage ll AAAN F-Z7]3]) 5
Adn] (vapor recovery systems, VRS) Ax| & o] F-3}s}
9o}k (Kim et al., 2013). o] ¢} &3} Berglund and
Petersson (1990)-2 F-4-4-2] Stage Il VRS A x]¢] w}
2 FH4a 97 F VOCs 5= Arass ZA39
o}. Cruz-Numez et al. (2003)-2 Stage Il VRS A x]¢]|
ul2 d7] & benzene, toluene 2 xylene?] &% %
2 mHE 2ASE A7) Sasdon, ok
el Stagell VRS Aol w}2 F-549] 7]
A A &3 B o FeiA A gk gleh

st zAFA T (Kim et al., 2012; Kim et al., 2003), 3 R ydr= Stage ll VRSE AF|3 57 Fi4S
A2 HE] wEHE VOCs7t Flel X <eke didoz b A3 3o 27 FHa A
7k 4 Qe 71 (sl etal, 2010), F4  FH717F AAH] Yk Fie W AW L A7
oA WA= VOCs7} ¥ A 7] m|XE AlllA tj7] 5 Fwks}44 (Hydrocarbonds) 5 =%
oJ3F BA (Karakitsios et al., 2007), 584 VOCs £ <4 = E]¥3}a, Benzene, Toluene, Ethylbenzene,

}[A

23] 71 (Jung et al., 2008) 5 Ff-Aell A B
A= VOCsE A3He $l8h oot ﬂ?%il‘%ﬁi
Fgoll A Wl ZEE VOCs Hele] e
3 3l
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flated 1990t ZMPRE] FHae] AspA A=
o 75 I (Stage ), AHEAE FF Al
Al (Stege 1) 23 VOCss 3|4317] 93 f-5

P
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o me w712 A ETte Frsksst

. 7hEZ9) 5
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U103 EU SIS SR 5 w2 M A AUE dgs vlRes Adasen) 4gdl @
AE 20004 ZHE Fid VOCsAE 918 4% A A Fidk Sagell VRSY] H5EgE Fha

713 5A =2 AAsta 9loh (KECO, 2011). &H=o

571 'l—’F‘é 19] Ay Foll B3 4 (NIER,

Table 1. The basic informations of gas stations investigated in this study.

Gas stations

Conditions A B c D E
Area Incheon Seoul Gyeonggi-do Dagu Yeosu

out of town in downtown in downtown in downtown out of town
Monitoring period (' 12) 9.10~14 9.17~21 10.8~12 10.15~19 10.22~26

(5days) (5 days) (5 days) (5 days) (5 days)

Gasoline sales(m®/year) 5,000 6,500 3,600 4,400 1,000
Number of refueling nozzle (ea) 8 16 8 8 6
Number of under ground tank (ea) 2 2 2 2 1
The efficiency of Stage Il VRS (%) 88~ 115(101)Y 88~ 113(95) 88~ 116 (103) 90~107(97) 106~ 116(109)

Stage | pressure and decrease test

Normal operation

Y The mean value

k=) 7] 33 8F 3] %] A 29U A 65
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Fig. 1. The locations and schedule for the continuous THC monitoring and spot VOCs sampling.
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Stage I1 VRS On (48 hr)

Stage I1 VRS Off (48 hr)
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Fig. 2. The THCs levels monitored at A gas station with and without Stage Il VRS.

7] Wgolcth. A7 A A ] THC s AR
F71 FH AA wlwste] v A A= %l
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1.11ppm, 2.11ppm, 0.08 ppm=. Z L E]= it} Stage
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Table 2. The THCs levels monitored at three locations (inside office, around refueling area, site boundary) from a total

of five gas stations with and without Stage Il VRS.

Inside office

Around refueling area

Site boundary

Site -
(Site1)

(Site2)

(Site 3) (Site 4)

Stagell On Off  Reduction ©On Off

Reduction ~ ON Off

Reduction _©On Off  Reduction

Stations *Conc. (ppm) (%) *Conc. (ppm) (%) *Conc. (ppm) (%) *Conc. (ppm) (%)
Agas Men 056 077 273 020 084 762 044 130 662 003 009 667
station  pax 123 138 - 164  39.0 - 844 159.8 - 48 72 -
Bgas Men 105 18 417 130 240 458 098 555 823 005 006 910
station  Max 78 145 - 732 2406 - 643 3404 - 21 26 -
Cgss Mean 830 150 447 030 090 667 030 110 727 002 008 750
station  Max 268 1207 - 493 1827 - 534 2631 - 52 67 -
Dgas Mean 030 110 727 010 130 923 010 250 9.0 001 014 929
station  pax 12 33 - 79 4705 - 435 4270 - 10 69 -

Egas Mean 018 046 609 001 010 900 001 012 917 001 001 000

station  pax 10 69 - 56 441 - 24 1820 - 0.6 26 -
Total Mean 208 383 495 038 111 742 037 211 818 002 008 487
Total Max 268 1207 - 732 4705 - 844 4270 - 48 72 -

* Average THC concentrations monitored for 48 hours

%, 48.7% W2 Zloz HrtE T 771 FHelA
o] Stage Il VRS 745l o} Aheldel THC A7t
g0 Al 2AAA AMelAe] THC Aztas
we} ¥4 o VRSTE 4700 g1 3zol
sle] VRS 71 fifell w2 THC sx=w3l &
7P el RE7] w ot}
Cofrael 744 AHFAIMe] 3 THC s=7b
B o w2l olH3 Bx|AA A v}
< Aoz RUERHA ofE AT Fhii
o AEYA Fha e VOCTE AR &
A= ssen, Ffa AR 271Au] 7L A
A kebr] ARFA W2 #91% VOCs7} S3i5<t
AF3tar 7] dEez A
Stage Il VRS 715l mh2 4z]3el| 4] THC 3
= %k* 7t Ffae] A=A 93], 7142 B
el wet 2t X‘—lv 5= ek AR W s
% CFa42] 749 Stagell VRSE 715381#] ¢
7% FHz 1207ppm77}z] Abz=sloic). =3t
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FEE 4705ppm Z8j3 BA|AA NN E FH2 7.2
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k=) 7] 33 8F 3] %] A 29U A 65
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x i}ﬂkoﬂ FHE 7] Slste A 7 wbl
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FEE & 3o yehla Stagell VRSE 7H5381 &
AL 7+ XA A2] benzene BF Hx: 0.014~
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Table 3. The BTEX levels monitored at three locations (inside office, around refueling area, site boundary) from a total

of five gas stations with and without Stage Il VRS.

Concentration unit: ppm

Benzene Toluene Ethylebenzene Xylene(-0,-m,-p)
Site Stage Il VRS
On Off On Off On Off On Off
Number of samples 5 5 5 5 5 5 5 5
Max. value 0.026 0.029 0.070 0.335 0.022 0.026 0.065 0.074
Inside office Min. value 0.002 0.002 0.006 0.013 0.001 0.001 0.002 0.002
(Site A) Arithmetric mean 0.014 0.017 0.031 0.093 0.012 0.013 0.033 0.038
Standard deviation 0.011 0.013 0.030 0.137 0.010 0.011 0.029 0.031
Reduction (%) 17% 66% 12% 14%
Number of samples 20 20 20 20 20 20 20 20
Max. value 0.459 2.678 0.850 3.752 0.220 0.473 0.640 1377
Around refueling  Min. value 0.004 0.017 0.010 0.030 0.001 0.007 0.002 0.020
area(Site B) Arithmetric mean 0.058 0.513 0.138 0.824 0.023 0.103 0.068 0.304
Standard deviation 0.098 0.680 0.195 0.937 0.047 0.123 0.137 0.363
Reduction (%) 89% 83% 78% 78%
Number of samples 5 5 5 5 5 5 5 5
Max. value 0.030 0.050 0.070 0.420 0.022 0.023 0.065 0.068
Site boundary Min. value 0.001 0.002 0.004 0.007 0.002 0.005 0.004 0.013
(SiteC) Arithmetric mean 0.016 0.022 0.029 0.105 0.012 0.013 0.034 0.039
Standard deviation 0.013 0.018 0.027 0.177 0.009 0.008 0.028 0.024
Reduction (%) 30% 72% 9% 13%

Table 4. Comparison of benzene and toluene levels with previous studies at gas stations with and without Stage Il

VRS.
Benzene (ppb) Toluene (ppb)
Site Stagel f Referance
VRS Num.o GM Range GM Range
samples
On 9 0.82 0.50~1.22 31.90 0.53~ 270.65 a
Inside office (Site A) Off 7 13.80 10.03~21.01 124.96 5.32~1887.67 b
On 5 9.03 2.00~26.00 20.02 6.00~70.00 This stud
off 5 1135  2.00~2861 4387  13.00~335.00 y
On 18 1.07 0.63~1.98 57.43 21.80~154.74 a
Around refueling area Off 24 97.21 40.77~241.46 180.79  109.00~ 345.63 b
(SiteB) On 20 30.38 4.00~459.00 69.12 10.00~ 850.00 This stud
Off 20 249.89 17.00~2,678.00 540.29 30.00~ 3,752.00 y

* GM: Geometric mean
* Ref & Romieu et al. (1999), Ref b: Cruz-Nunez et al. (2003).

Stage Il VRSE 7Fgstd& 739 ARFAlelA 9]
BTEX 3¢ %%+ 0.012~0.033 ppm, 3-2] 7 Al j| A
o] BTEX ¥+ =%+ 0.012~0.034ppm 18|31 F
47] FHAA-S 0.023~0.138ppmoz == 9ot
Stage Il VRSE 7}53tdS 75 2 AAIA 9
BTEX =i AREAlGlA 12~66%, x| 7 AlslA 9
~T2%, 52 WEA Ao A= 78~89% Al e}

Stage Il VRS 7g -7l wh& Ff4 ARA |
woh 7] FHel A 2] benzenes} toluene A T =
£ 71E A7 A} vimste] & 4ol e gl Al
Ag 7]1E AT A= 199993} 2003 = A ZAE
el Fsellr Stage ll VRS 7kg A2 Fol 54
3t benzenez} toluene % x=o|c}. Stage Il VRSE 715
3HA ekske 7 AL W] benzenew} toluene
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# The number of samples: each 20 samples with and without Stage 11 VRS conditions

Fig. 3. The other VOCs levels around refueling area from a total of five gas stations with and without Stage Il VRS.
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™, Stege Il VRSE 715319& 744 L4ppmez v
o}x]= = Stage Il VRS 7159l w2 19%2] VOCs

k=) 7] 33 8F 3] %] A 29U A 65

FE= 9F 63511 94.1% A 7= %o}

o

4 £

Faaold A5H FH HHF BAsH= VOCs
2 H5a] 9% §27)354009 914 AdE
s Grhskelnt Boke 57 FadelA AAlsige
v, Stage || VRS 715 A3} &) o3t THCS} BTEX
9] VOCs 5=5 ®UE 3ok

Stege Il VRSE 715314 ekoks A5l 57 4
2:9] AL RS} °71 9 244 9 =29 <l
A3 HAAA A HF THC =% 77 3.88
ppm, 1.11 ppm, 2.11 ppm, 0.08 ppme 2 R E =]
o}. Stage || VRSE 7153l e A9 72 Aol A
4 THC 3=+ 2.08 ppm, 0.38 ppm, 0.37 ppm, 0.02
ppmz 2U e = o] Z+Zk 49.5%, 74.2%, 81.8%, 48.7
%”°}7 Aoz H7tE et Stage Il VRSE 75381
Ae A3 ) FHae) AR el Ae] BTEX
AT lg—it 0.012~0.033ppm, F§-7] FE A Aol A]
= 0.023~0.138ppm 2232 EX| 7 A< A2] BTEX



44 Stagelle] 27131940 7b5ol wE U712 Hsh 809

P# S+ 0012~0.034ppmez =3 =gt} Stage
Il VRSE 7HgshA] gbaks wiel nlaste] ARf-Ale|
Al 12~66%, B-A| A A X 9~T2%, F57] FHAA
o A 78~89% 7H4® A oot =¥ Stage |l VRS
7Fgel met BETXE A|9J3 19529 VOCs v =%
63.5~94.1% ytol4 o}

2 AFTE Esle] FH4eA Stagell VRSS F

AYs Felslgden, 2 A3 A= gF Stagell
VRS AXAo v Fo] AAAAE 93 Fesh

ZAte 2
o] =22 20109 % F¢istw wu dr&ol )
A7} 20123 % AR (37 Aol )3 A7
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